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PEEFACE. 


The.  present  work  was  written  primarily  to  raeet  the  wants  of 
the  students  attending  the  course  of  instruction  in  "Practical 
Histology"  in  The  Owens  College,  but  it  is  hoped  that  it  will 
be  found  useful  also  to  students  of  medicine  and  science  in  other 
colleges  and  universities. 

The  Exercises  printed  in  small  type  are  intended  for  Senior 
Students,  and  for  those  attending  the  course  of  "  Advanced 
Histology  "  given  in  The  Owens  CoUege. 

Although  a  drawing  accompanies  almost  every  exercise,  still 
this  is  not  intended  to  relieve  the  student  from  what  is  a  most 
important  part  of  the  training  in  Practical  Histology,  viz.,  that 
the  student  should  make  sketches  of  his  preparations.  It  serves 
very  little  useful  purpose  to  give  students  sections  ready  pre- 
pared, and  ask  them  merely  to  mount  them.  Hence,  consider- 
able stress  has  been  laid  on  methods,  as  a  knowledge  of  these  is, 
after  all,  one  of  the  most  important  parts  of  a  practical  training 
in  Histology.  Many  methods  have  been  tried  and  found  wanting, 
and  accordingly  those  only  are  introduced  which  the  author,  after 
experiment,  has  found  to  be  reliable. 

The  author  is  indebted  to  the  various  IManuals  of  Histology 
published  in  this  country,  and  also  to  those  of  Friedliinder  and 
Eberth,  Stbhr,  Pol,  KciUiker,  ]\Iartinotti,  Francotte,  BoUes  Lee 
and  Henneguy,  Orth,  and  Edinger,  as  well  as  the  various  Micro- 
scopical Journals,  British  and  Foreign. 

Most  of  the  illustrations  have  been  drawn  from  microscopical 
preparations  made  in  the  class  of  Practical  Histology,  but  a  few 
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of  them  are  taken  from  preparations  kindly  presented  to  me  by 
my  friend  Professor  Swaen  of  Liege.  I  am  greatly  indebted  to 
my  demonstrator,  Arthur  Clarkson,  M.B.,  CM.,  for  a  considerable 
number  of  the  drawings,  and  also  to  my  pupil,  Mr.  C.  E.  M.  Lowe, 
for  similar  services.  A  few  of  the  drawings  were  made  by  myself. 
To  F.  W.  Stansfield,  M.B.,  Ch.B.  (Vict.),  my  thanks  are  due  for 
assistance  in  reading  the  proof-sheets. 

I  have  also  to  express  my  obligations  to  several  scientific  in- 
strument makers  and  others,  including  Messrs.  Zeiss,  Hartnack, 
Verick,  Leitz,  Reichert,  Jung,  Hicks,  Eternod,  Zimmermann, 
Hume,  Beck,  Swift  &  Son,  Gardner,  and  A.  Eraser. 

Finally,  I  have  to  thank  my  publishers  for  the  liberal  manner 
in  which  the  work  is  illustrated. 

WILLIAM  STIRLING. 


Physiological  Laboeatoey,  The  Owens  College, 
Manchestek,  May  1S90. 
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PRACTICAL  HISTOLOGY. 


PART  I. 


I.— APPARATUS  REQUIRED. 


The  student  of  Practical  Histology  must  be  provided  with,  the 
following  apparatus: — 

1.  A  Compoimd  Achromatic  Microscope  capable  of  magnify- 
ing from  about  50  to  300  or  450  diameters  linear. 

2.  Glass  Slides. — The  most  convenient  size  is  3  inches  by  i 
inch  (or  76  x26  mm.),  with  ground  edges  made  of  the  best 
flatted  crown-glass.    About  two  gross  will  be  required  (fig.  i). 


7(3X26  MS 


Fig.  I.— Euglisli  form  of  Slide. 

It  is  convenient  to  have  two  dozen  or  so  of  a  larger  size,  3  inches 
by  I J  inches. 

3.  Cover-Glasses.— Some  are  square  and  others  circular  (fig.  2). 
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FIO.  2.-Sciuare  and  Round  Cover-Glasses,  showing  the  most  convenient  sizes. 

The  Student  should  be  provided  with  both  sorts.  Keep  the  square 
ones  for  balsam  preparations,  and  the  circles  for  those  that  require 
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ringing,  i.e.,  those  mounted  in  glycerine  or  Farrant's 


Fig.  3.— Pinewood  Cabinet  to  hold  Sixty  Slides. 


solution. 

Only  extra-thin  'covers  (or  those  sold  as  No.  i)  should  be  used. 
It  is  well  to  measure  the  thickness  of  the  covers,  and  to  use  for 
mounting  only  those  that  are  less  than  .006  inch  in  thickness. 

Get  half-an-ounce 
of  |-inch  circles, 


and  the  same 
•weight  of  f-inch 
squares.  It  is  con- 
venient to  have 
a  few  circles  and 
squares  somewhat 
larger,  viz. ,  i  inch 
and  1 5  inch  in  dia- 
meter, for  mount- 
ing particularly 
large  sections. 
When  a  large  num- 
ber of  sections  are 
mounted  under 
one  cover-glass,  as 
in  serial  preparations,  it  is  well  to  have  oblong  cover-glasses  of  a 

still  larger  size.  ,      „  ,  . 

4.  A  Wooden  Cabi- 
net, fitted  with  trays 
for  holding  the  mounted 
specimens.  It  should  be 
capable  of  holding  at 
least  60  slides,  and  the 
slides  should  lie  on  the 
flat.  A  convenient  form 
is  shown  in  fig.  3.  Some 
prefer  the  flat  com- 
pressed paper  trays 
shown  in  fig.  4. 

5.  Two  Mounted 
Needles  in  handles. 
The  student  can  easily 
make  these  himself.  Fix 
a  sewing-needle  into  the 
end   of   a  pen-holder, 

allowing  only  about  I  inch  of  the  needle  to  project.    The  needles 
should  always  be  kept  bright  and  polished.    A  convenient  form  as 
to  fix  a  sewing-needle  into  a  strong  wooden  "  crochet  needle. 
6  A  Dissecting  Case,  but  failing  that,  a  pair  of  strong  torceps, 


Tig.  4.— Paper  Tray  to  hold  Slides. 
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and  also  a  finer  pair,  the  latter  with  long  narrow  points ;  a  stout 
and  a  fine  pair  of  scissors,  and  a  scalpel.  It  is  well  to  have  a 
straight  pair  of  scissors,  and  also  a  pair  curved  on  the  flat  (fig.  5.) 
It  is  convenient  to  have  a  pair 
of  forceps  like  those  shown  in 
fig.  6  for  lifting  and  applying 
a  cover-glass  to  a  preparation, 
or  like  those  in  fig.  7  for  hold- 
ing a  cover-glass  on  which  a  thin 
film  with  bacteria  is  spread. 

7.  Camel-Hair  Brushes,  at 
least  two,  the  smaller  crow-size, 
and  one  somewhat  larger. 

8.  A  Razor,  which  is  not  to 
be  hollow-ground.  It  must  be 
kept  very  sharp,  and  stropped 
frequently.  It  is  better  to  have 
one  ground  flat  on  one  side. 

9.  Watch-Glasses. — Instead 
of  the  ordinary-sized  glasses, 
the  student  should  provide 
liimself  with  at  least  four  3 
inches  in  diameter. 

10.  A  Section-Lifter.— This  may  be  made  by  beating  out  the  end 
of  a  piece  of  copper  wire  ( inch  thick)  until  a  thin  plate  is  formed. 


KiG.  5. — ((t.)  Scissors  ciu'ved  ou  the  flat ; 
(6.)  tine  straight  paii'. 


Fig.  6.— Cover-Glass  lifter. 


The  plate  is  then  bent  at  an  angle  to  the  stem.  It  is  better  how- 
ever, to  purchase  one  made  of  German  silver  (fig.  8). 

11.  Drawing  Materials.— As  great  importance  is  attached  in 


Fig.  7.— Cornet's  Cover-Glass  Forceps. 

this  laboratory  and  in  this  course  to  making  drawings  of  the 
microscopic  objects,  each  student  must  provide  himself  with  a 
dratomrj-book—a  quarto,  with  unruled  paper,  and  containing  150 
pages  or  thereby,  is  sufficient.    Suitable  draioing-pendls,  including 
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an  H.B.,  and  a  harder  one,  e.g.,  H.H.H. ;  both,  must  be  of  a  good 
quality  of  lead.    After  a  sketch  has  been  made  in  pencil,  the 
sketches  should  be  coloured.    This  may  be   done   either  with 
coloured  pencils  or  water-colours.   The  latter  are  greatly  to 
be  preferred. 

12.  Slips  of  white  bibulous  paper,  3  inches  by  J  inch, 
to  soak  up  any  superfluous  fluid,  and  to  be  used  for  irriga- 
tion.   For  irrigation  purposes  use  small  triangular  slips. 

13.  Small  glass  pipettes,  which  the  student  should 
make  for  himself  by  heating  in  a  gas-flame  and  drawing 
out  a  piece  of  narrow  glass-tubing  at  two  places,  close  to 
each  other,  leaving  a  small  part  of  the  tube  of  the  original 
width,  which  acts  as  the  bulb  of  the  pipette.  Several  may 
be  made  at  a  time,  and  their  capillary  ends  sealed  in  the 
flame,  and  kept  until  they  are  required. 

14.  A  pair  of  narrow  glass  rods  drawn  to  a  point  to 
tease  tissues  in  such  metallic  solutions  as  gold  chloride  or 
silver  nitrate,  which  act  on  metallic  instruments. 

15.  Labels  for  the  slides. — It  is  well  to  have  a  large 
number  of  pieces  of  paper  cut,  3  inches  by  i  inch,  as 
temporary  labels,  on  which  is  written  the  name  of  the 
preparation.  Each  label  is  placed  under  its  appropriate 
slide  in  a  tray.  These  labels  are  merely  temporary.  This 
is  specially  desirable  where  the  slides  have  to  be  "ringed," 
as  in  this  process  a  permanent  label  is  apt  to  be  displaced 
or  destroyed.  In  the  case  of  balsam  preparations,  they 
may  be  labelled  at  once  with  the  small  square  permanent 

'  labels.  In  every  case  the  preparation  should  be  labelled, 
JFIG.  8.-  and  the  label  should  bear  not  only  the  name  of  the  tissue 
^LifteiT  or  organ,  but  the  direction  of  the  section  and  the  medium 
in  which  it  is  mounted,  and,  if  desired,  the  date  of  mount- 
ing. Labels  are  now  printed  so  cheaply,  that  for  half-a-crown  a 
student  can  have  a  thousand  labels  printed  with  his  own  name. 

16.  Reagents.— The  student  should  also  be  provided  with  the 
following  reagents,  placed  in  a  small  wooden  framework  on  the 
work-table.  Only  those  reagents  that  are  most  frequently  used 
need  be  provided  for  in  the  framework  ;  the  others  can  be  supplied 

as  required.  . 

Small  bottles— two  ounces  or  thereby— not  too  tall,  and  providea 
with  a  glass  rod,  are  necessary.  The  glass  rod  has  a  bulge  at  the 
1  unction  of  its  upper  and  middle  thirds,  and  this  bulge  prevents  it 
from  falling  into  the  bottle,  and,  at  the  same  time,  acts  as  stopper 
for  the  bottle.  Failing  this,  a  piece  of  glass  rod  passed  through  the 
cork  will  answer  the  purpose.  -r^-    ,  ^ 

(1.)  Normal  Saline,  or  -6  per  cent,  salt  solution.    Dissolve  6 
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grms.  of  pure  common  salt  in  looo  cc.  of  water.  As  this  fluid  is 
apt  to  undergo  change,  it  should  not  be  kept  too  long. 

(2. )  Glycerine  (either  -pme  or  equal  parts  of  glycerine  and  water). 

(3.)  Balsam,  either  Canada  balsam  or  dammar  (p.  85). 

(4.)  Farrant's  Solution  (p.  85). 

(.5.)  Dilute  Acetic  Acid  (2  per  cent.). 

(6.)  Hsematoxylin  Solution  (p.  68). 

(7.)  Picro-Carmine  (p.  66). 

(8.)  Clove-Oil  or  Xylol.— This  should  be  provided  with  a  small 
brush  fixed  on  the  end  of  a  wooden  rod  perforating  the  cork. 

17.  Other  Apparatus  is  required,  but  in  a  well-equipped 
laboratory  special  articles  are  supplied  as  required ;  they  are  referred 
to  in  the  context.  They  include  a  dissecting  microscope,  photophore, 
mounting  block,  warm  stage,  eye-piece  micrometer,  lamp,  turntable, 
polarising  apparatus,  camera  lucida,  (fee,  &c. 


II.— THE  MICROSCOPE  AND  ITS  ACCESSORIES. 

1.  An  account  of  the  optical  principles  on  which  the  microscope 
is  constructed  is  purposely  omitted.  The  compound  microscope 
consists  of  a  stand  fixed  to  a  heavy,  usually  horse-shoe  shaped,  foot. 
The  stand  (fig.  9)  carries  a  stage  to  support  the  microscopic 
preparation,  the  mirror  or  arrangement  for  illuminating  the  object, 
together  mth  the  body  tube  ;  the  latter  consists  of  a  long  brass  tube, 
or  one  tube  telescoped  into  another.  To  the  lower  end  of  this  tube 
IS  fixed  a  combination  of  lenses,  constituting  the  lens  or  objective 
while  at  its  upper  end  is  the  eye-piece.  ' 

2.  The  tube  is  blackened  inside,  and  to  its  lower  end  is  screwed 
the  objective,  consisting  usually  of  several  lenses  screwed  together 
By  means  of  it  a  magnified  inverted  aerial  image  is  produced  In  the 
body  of  the  tube.  The  lenses  on  the  objective  should  not  be 
unscrewed.  At  least  two  objectives  are  required— a  low  power 
and  a  high  power. 

At  the  upper  end  of  the  tube  is  the  ocular  or  eye-piece  com 
posed  of  two  plano-convex  lenses,  the  one  next  the  eye  of  the 
observer  being  called  the  eye-glass,  the  lower  one  the  field-glass. 
The  two  lenses,  with  their  convex  surfaces  downwards,  are  fixed  in 
a  brass  tube  which  slips  into  the  upper  end  of  the  tube  of  the 
microscope. 

3  The  tube  itself  is  supported  in  a  vertical  position  on  the  stand, 
so  that  It  can  be  moved  upwards  and  downwards  vertically,  to  brined 
the  objective  near  to  the  object,  and  thus  bring  tlie  latter  clearl? 
mto  focus.    This  arrangement  is  termed  the  adjustment.  Tlie 
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mode  in  ■which  this 
microscopes  the  tube 


is  accomplished 
of  the  microscope 


Eye-piece. 


Fine  adjustment. 


varies.  In  the  cheaper 
is  moved  inside  another 
tube  fixed  to  the 
stand  (fig.  9).  This 
is  done  by  means  of 
the  hand,  while  in 
the  more  expensive 
microscopes  there  is  a 
rack-and-pinion  move- 
ment for  raising  or 
depressing  the  tube 
(fig.  10). 

Usually  there  are 
two  adjustments — one 
the   coarse  adjust- 
ment, whether  it  be 
by  rotating  one  tube 
inside  the   other  or 
by  a  rack-and-pinion 
movement ;  it  is  used 
to  bring  the  outlines 
of  the  object  dimly 
into  focus.  The  other, 
the  fine  adjustment, 
is  a  fine  screw,  usually 
placed  at  the  upper 
and  back  part  of  the 
pillar  of  the  stand  of 
the  microscope.  By 
it  the  object  is  brought 
accurately  into  focus. 

4.  The  stand  is  pro- 
vided Avith  a  hori- 
zontal solid  table  or 
stage,  placed  at  a  con- 
venient height,  and 
on  which  the  object 
to  be  examined  is 
placed.  The  stage 
consists  of  a  flat  plate 
of  brass  blackened  on 
its  under  surface,  or 

stage.    It  is  perforated  by  a  circular  aperture  m  its  centie, 


Fig.  9.— Leitz's  Microscope, 


No.  V. 


THE  MICROSCOPE  AND  ITS  ACCESSORIES. 


7 


which  can  be  fitted  diaphragms  of  different  sizes,  or  a  blackened 
circular  brass  plate  with  holes  of  different  sizes — from  a  pinhole  to 
half  an  inch — rotates  under  the  stage,  so  that  the  desired  size  of  hole 
— or  diaphragm — can  be  brought  under  the  central  aperture  in  the 
stage.  The  aperture  in  the  stage  must  not  be  too  small ;  it  should 
be  sufficiently  large  to  enable  a  section  of  the  spinal  cord  to  be 
seen  as  a  whole.  A  small  aperture  is  used  with  high  powers  and  a 
large  aperture  with  low  powers.  In  the  more  expensive,  and  in 
some  of  the  cheaper  microscopes  also,  the  stand  is  provided 
with  a  joint,  so  that  the  microscope  can  be  inclined  as  shown  in 
fig-  lo. 

5.  Illumination  of  the  Object. — Under  the  stage  is  placed  a 
mirror,  movable  in  all  directions,  and  which  is  usually  provided 
with  a  flat  and  a  concave  surface.  When  it  is  available,  diffuse 
light — never  direct  sunlight — reflected  from  a  white  cloud,  and  a 
northerly  exposure  are  to  be  preferred.  For  ordinary  illumination 
the  concave  side  of  the  mirror  is  used.  The  light  is  reflected  from 
it,  and  is  transmitted  through  the  hole  in  the  stage,  the  object  on 
the  stage,  and  the  tube  of  the  microscope,  to  the  eye  of  the 
observer.  The  flat  mirror  is  used  along  with  a  sub-stage  condenser 
(§  1°)- 

6.  Direct  and  Oblique  Illmnination. — When  the  light  is  re- 
flected from  the  concave  mirror,  it  strikes  the  object  nearly  verti- 
cally ;  tliis  is  called  direct  or  central  illumination.  But  sometimes 
it  is  of  importance  to  detect  very  fine  variations  on  the  surface  of 
tlie  object ;  then  for  this  purpose  oUique  illumination  is  practised. 
This  may  be  done  by  tilting  the  mirror  slightly,  so  that  the  rays 
of  light  fall  somewhat  obliquely  on  the  object.  In  this  case  there 
must  be  no  small  diaphragm  in  or  under  the  stage.  This  may  also 
be  done  in  the  more  expensive  microscopes  by  introducing  a 
diaphragm  which  permits  light  to  pass  only  at  its  sides,  its 
centre  being  blocked.  This  is  known  as  a  central  stop-dia- 
phragm, which  shuts  off  all  the  axial,  and  transmits  only  the 
marginal  rays,  causing  what  is  called  dark-ground  illumination 

(fig.  12). 

7.  The  Diaphi-agm,  of  which  there  are  two  forms  in  common 
use.  The  most  common  form  is  a  blackened  metallic  plate— cZ^'sc 
diaphragm— ^QviomtQ^  with  holes  of  different  sizes,  placed  under 
tlie  stage,  and  so  arranged  as  to  rotate  on  a  pivot.  The  edge  of  the 
plate  usually  projects  a  little  beyond  the  stage,  so  that  it  can  be 
readily  rotated  by  the  finger,  so  as  to  bring  the  appropriate  aperture 
under  the  hole  in  the  stage.  The  diaphragm  is  usually  provided 
with  a  slightly  projecting  pin,  which  gives  a  click  when  the  hole  in 
the  diaphragm  is  exactly  centred.  Another  iov\\\— cylindrical 
diajjJirarjm— consists  of  a  small  brass  cylinder,  into  which  can  be 
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fitted  small  diaphragms  perforated  by  apertures  of  different  sizes 
(figs.  lo,  12).  The  cylinder,  with  its  diaphragm,  is  fitted  into  a 
slot  under  the  stage.  These  cylinder  diaphragms  should  be  so 
arranged  as  to  be  easily  changed. 

Perhaps  the  most  convenient  form  of  all  is  the  iris  diapliragm, 
which  can  be  adapted  to  any  of  the  larger  microscopes  (fig.  14), 
and  in  which  any  size  of  aperture  desired  is  obtained  by  turning  a 
small  milled  head.    The  new  form  (fig.  11),  as  made  by  Enghsh 

makers,  Zeiss,  and  others, 
and  also  by  Leitz,  is 
an  admirable  substitute 
for  interchangeable  dia- 
phragms, as  by  it  the 
aperture  can  be  readily 
increased  or  diminished. 
The  smallest  aperture  is 
about  0.5  [mm.,  and  the 
largest  equal  to  the  full 
aperture  of  the  con- 
densing system. 

The  management  of 
the  diaphragm  is  most 
important  in  order  to 
obtain  distinct  definition 
of  an  object.  The  one 
general  rule — but  one 
which  is  very  frequently 
neglected  in  practice  by 
the  student — is  when 
employing  a  low  power 
to  use  a  large  aperture, 
and  when  employing  a 
high  power,  a  small  or 
medium  aperture  of  the 
diaphragm. 

"\Vhen  one  wishes  to 
observe  a  brightly  col- 
oured object  with  a 
homogeneous  immersion  lens— the  object  lying  in  the  tissues,  such 
as  stained  fungi  or  mitotic  figures— then  remove  the  diaphragm  and 
allow  a  flood  of  light  to  reach  the  sub-stage  condenser,  Avhich  is 
absolutely  necessary  in  this  case. 

If  however,  it  be  desired  to  see  certain  peculiarities  ot  structure 
—as  in  bacteria— on  a  black  background,  then  use  a  central  stop- 
diaphragm,  i.e.,  one  with  a  central  stop  (fig.  12),  always  with  an 


Fig.  10.— Zeiss's  Large  Jointed  Stand,  fitted  with  draw- 
tube,  rack  and  pinion  for  the  coarse  adjustment,  a 
double  nose-piece,  and  cylindrical  diapliragm. 
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Abbe's  condenser.  The  object  is  then  seen  brilliantly  illuminated 
on  a  black  background. 

8.  Objectives. — For  ordinary  work  every  microscope  requires  to 
have  two  objectives  of  different  magnifying  powers ;  one  of  these, 
when  used  with  an  ordinary  ocular,  should  magnify  about  60-75 


Fig.  II. — Iris  Diaphragm,  showing  a  small 
aperture. 


diameters  linear.  This  is  spoken  of  as  the  low  power,  and  in  these 
pages  is  indicated  by  the  letter  (L).  The  other  should  magnify 
from  350-400  diameters  linear,  and  is  called  the  high  power, 
indicated  by  the  letter  (H). 

If  an  English  make  of  lens  is  preferred,  let  them  be  an  "  inch  " 
and  a  "  quarter  inch."  The  term  "  one-inch  objective  "  has  no  direct 
relation  to  the  distance  between  the  object  and  the  lens,  but  indi- 
cates that  such  a  lens  possesses  the  same  magnifying  power  as  a  single 
lens  of  one-inch  focus.  Swift's  new  high-angled  i-inch  lens  is  a 
very  good  low-power  lens.  If  Continental  lenses  be  preferred,  and 
if  Zeiss's  be  selected,  let  them  be  A  and  D,  equal  to  |-inch  and 
•^inch  respectively.  Zeiss  makes  lenses  AA  and  DD  of  slightly  better 
quality,  which  cost  a  few  shillings  more.  If  Leitz's  lenses  be  pre- 
ferred, use  Nos.  3  and  7  ;  and  if  Hartnack's,  Nos.  3  and  7—3  being 
the  weaker  lens.    Crouch's  lenses  are  excellent. 

Leitz  numbers  his  objectives  1-9,  and  Zeiss  A-F.  i  and  A  are  the 
weakest  objectives,  and  the  magnifying  power  increases  up  to  9  and  F. 

The  microscopes  of  Reichert  of  Vienna  are  also  excellent.  The 
stands  are  all  provided  with  a  universal  thread  or  screw,  so  that  the 
lenses  of  Zeiss,  of  English  makers,  or  of  others  may  be  adapted  to 
them. 

For  certain  special  purposes  much  higher  powers  are  required, 
but  for  ordinary  work  these  lenses  are  sufficient. 
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The  following  patterns  of  microscopes  are  to  ha  commended  : — 

Leitz,  Stands  Nos.  V.,  III.  17,  IV.  19,  V.  23,  with  objectives 
3  and  7. 

Zeiss,  Stands  Nos.  VI.  and  VII.,  with  objectives  C  and  E. 

9.  Eye-Pieces  or  Oculars. — Two  eye-pieces  are  required,  one 
medium  length  and  the  other  shorter,  the  latter  being  the  more 
powerful.  The  two  most  useful  eye-pieces  are  Nos  II.  and  IV.  of 
foreign  makers  (of  Leitz,  however,  I.  and  III.),  or  A  and  C  of 
English  makers.  English  makers  speak  of  a  deep  and  a  shallow  eye- 
piece ;  the  former  (IV.  or  is  shorter,  and  is  the  more  powerful ; 
the  latter  (II.  or  A)  is  longer,  and  is  a  weaker  eye-piece. 

It  is  to  be  remembered  that  the  eye-piece  only  magnifies  the 
image  of  the  preparation  formed  by  the  objective,  and  does  not 
magnify  the  preparation  itself.  Hence  any  fault  in  the  lens,  and 
consequently  in  the  image  in  the  tube,  is  magnified  by  the  eye- 
piece. Moreover,  the  field  is  not  so  bright  as  with  a  weaker  eye- 
piece. Hence  it  is  expedient  to  use  rather  a  weak  eye-piece.  There 
is  an  exception  to  this  rule  in  the  case  of  apochromatic  lenses  (p.  13), 
which  yield  a  magnification  of  the  object  by  means  of  special  eye- 
pieces, without  any  loss  in  the  brightness  or  sharpness  of  the  image. 

These  comprise  the  essential  parts  of  the  microscope,  but  if 
expense  be  no  objection,  the  stand  may  be  provided  with  a  hinge- 
joint,  which  enables  the  microscope  to  be  inclined  at  any  angle  (figs. 
10,  14).  In  some  microscopes  the  tube  can  be  elongated  by  a  drau- 
tube  (fig.  14),  which,  when  it  is  elongated,  increases  the  magnifying 
power  of  the  instrument.  It  is  well  to  have  the  di-aw-tube  with  a 
scale  engraved  on  it,  as  is  done  in  the  more  expensive  instriunents. 

10.  Sub-Stage  Condenser.— When  working  with  high  powers,  this 
is  essential,  more  especially  in  connection  with  bacteriological  work. 
■Abbe's  condenser  is  by  far  the  most  convenient  form.  Eig.  1 4  shows 
one  of  the  more  expensive  stands  fitted  with  a  sub-stage  condenser. 

The  essential  feature  of  Abbe's  illuminating  apparatus  is  a  con- 
denser system  of  very  short  focus,  which  coUects  the  light  reflected 
by  the  mirror  into  a  cone  of  rays  of  very  large  aperture  and  projects 
it  on  the  object  (fig.  13). 

The  cone  of  light  is  usuaUy  reduced  by  diaphragms  of  suitable 
size,  or  by  means  of  an  iris  diaphragm.  By  means  of  the  rack-work 
the  diaphragm  can  be  placed  excentrically  and  oblique  lUummation 
obtained.  This  apparatus  can  be  used  for  ordinary  work,  but  it  is 
specially  useful  for  the  investigation  of  bacteria.  The  rays  ot  light 
from  the  condenser  are  brought  to  a  focus  in  the  object,  so  that  an 
enormous  amount  of  light  is  concentrated  on  the  object.  The  angle 
of  aperture  of  Abbe's  condenser  is  120°.  The  full  aperture  of  the 
illuminating  cone  of  rays  is  only  used  when  observmg  deeply-stamed 
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bacteria  -with  objectives  of  large  aperture.  In  every  other  case  a 
diaphragm  of  suitable  size  is  introduced  so  as  to  diminish  the 
cone  of  light.  When  the  diaphragm  is  placed  excentrically,  oblique 
illumination  is  obtained,  while, 
with  a  central-stop  diaphragm 


all  the  axial  rays  are  cut  off, 
and  dark-ground  illumination  is 
obtained. 

11.  Dry  and  Immersion 
Lenses. — By  the  term  dry  lenn 
is  meant  one  in  which  air  is 
the  medium  between  the  lens 
and  the  object,  or  at  least  the 
cover-glass  on  the  object.  In 
immersion  lenses  some  fluid 
intervenes  between  the  lowest 
lens  of  the  objective  and  the 
cover-glass  of  the  object,  and 
the  liquid  chosen  is  water,  or  a 
medium  of  higher  refractive 
index,  such  as  cedar-wood  oil, 
glycerine,  or  a  mixture  of 
fennel  and  riciniis  oils.  These 
oils  have  nearly  the  same  re- 
fractive index  as  the  cover- 


FiG.  13. — Abbe's  Condenser,  as  made  by  Zeiss 
and  Swift.  (S.)  condenser  system.  Slilled 
Iiead  for  throwing  tlie  diaphragm  out  of 
centre  ;  (Sp.)  mirror. 


glass.  In  virtue  of  their  gi-eater  refractive  power,  these  liquids, 
especially  the  oils,  refract  more  of  the  rays  passing  through  the 
object,  and  cause  these  rays  of  light  to  enter  the  lens,  so  that  they 
increase  the  amount  of  light  transmitted  to  the  eye  of  the  observer. 
In  contrast  with  dry  lenses,  they  have  a  larger  angle  of  aperture 
and  a  greater  resolving  power,  and  are  employed  only  for  the 
highest  magnifying  powers.  Powers  above  1  of  an  inch  should  be 
oil-immersion  lenses.  Oil-immersion  or  homogeneous  immersion 
lenses  are  to  be  preferred  to  water  ones.  The  oil-immersion  are 
fast  displacing  water-immersion  lenses. 

In  using  an  oil-immersion  lens,  by  means  of  a  glass  rod,  place  a 
small  drop  of  thick  cedar-oil  on  the  cover-glass  and  a  small  drop  on 
the  lowest  lens  of  the  objective,  and  slowly  depress  the  objective 
until  it  touches  the  cupola  of  the  drop,  and  focus.  Cedar-oil  has  a 
refractive  index  nearly  the  same  as  that  of  crown-glass,  so  that 
ahnost  all  the  rays  of  light  passing  through  the  object  reach  the  lens 
and  pass  up  the  tube  of  the  microscope.  Care  must  be  taken  that 
the  drop  of  oil  does  not  run  on  to  the  cement  of  the  preparation, 
else  it  will  dissolve  it.  It  is  better  to  use  marine  glue  to  seal  up 
the  preparation,  as  it  is  not  dissolved  by  cedar-oil.    A  very  fine 
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linen  cloth  moistened  with  benzene  may  be  used  to  remove  the  oil 
from  the  lens.  After  use,  the  cover-glass  must  be  wiped  dry,  as 
well  as  the  lens,  by  means  of  a  clean  piece  of  wash-leather.  These 
lenses  are  very  good,  but  very  dear,  and  are  not  required  for  ordinary 
work.  Latterly,  instead  of  oil,  a  mixture  of  glycerine  and  chloral 
hydrate  has  been  recommended.  The  cedar-oil  is  not  so  easily 
removed  from  the  cover-glass.  It  may  be  best  removed  by  a  well- 
washed  linen  rag  moistened  with  benzene.  The  lens  itself  must  be 
most  carefully  cleaned.  A  lens  moistened  with  glycerine  is  best 
cleaned  with  alcohol. 

12.  Angle  of  Aperture. — Lenses  may  be  of  narrow  or  wide  angle 
of  aperture.  The  angle  of  aperture  is  the  angle  formed  by  the 
outermost  rays  coming  from  a  luminous  point  placed  in  the  focus  of 
an  object,  and  which  enter  not  only  the  lowest  lens  of  the  objective, 
but  pass  throughout  the  entire  system  of  the  lenses  of  the  objective. 
Lenses  with  a  large  angle  of  aperture  (130°  and  upwards),  therefore, 
will  admit  more  light,  i.e.,  more  of  the  oblique  rays  will  enter  the 
system  of  lenses.  These  lenses  are  well  suited  for  resolving  fine 
lines  on  the  surface  of  an  object,  such  as  the  striae  on  the  scales  of 
insects'  wings  and  the  markings  on  diatoms,  but  those  parts  of  the 
object  superficial  to  or  deeper  than  the  focus  are  not  sharply  defined. 
Such  a  lens  is  said  to  have  greater  power  of  resolution.  Tor  ordi- 
nary histological  work,  a  high-power  (350-400)  lens  of  medium 
(8o°-ioo°)  angular  aperture  is  to  be  preferred,  for  such  a  lens  has 
greatev  23enetrating  jjoiver,  i.e.,  the  focal  plane  is  deeper,  so  that  with 
it  one  can  see  with  tolerable  distinctness  parts  of  the  object  lyino- 
immediately  above  and  below  the  true  focus  of  the  lens.  It  is  to 
be  remembered  that  the  angle  of  aperture  has  nothing  to  do  with 
the  magnifying  power  of  the  lens. 

13.  Abbe's  Apocliromatic  Lenses.— These  are  dry  or  immersion, 
and  are  used  as  high-power  lenses  when  very  exact  definition  is 
required.  They  are  very  expensive,  and  are  constructed  of  a 
peculiar  kmd  of  glass.  These  objectives  secure  the  union  of  three 
different  colours  of  the  spectrum  in  one  point  of  the  axis  i  e  they 
remove  the  so-called  "secondary  spectrum,"  and  they  correct  the 
spherical  aberration  for  two  different  colours.  The  images  projected 
by  them  are  nearly  equally  sharp  with  all  the  colours  of  the 
spectrum.  As  there  is  a  very  great  concentration  of  light  by  these 
objectives,  they  permit  of  the  use  of  very  high  eye-pieces,  thus  giving 
high  magnifymg  power  with  relatively  long  focal  length.  The  imturat 
colours  of  objects  are  reproduced  unaltered  by  these  objectives. 

Zeiss  has  constructed  a  series  of  compensating  oculars  to  be 
used  with  these  lenses.    They  are  classified  as  i,  2,  4,  8   12  18 
and  27,  according  to  their  magnifying  power.    The  eye-pieces  of 
extremely  low  power  are  designated — 
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(i.)  Searchers,  which  reduce  to  its  lowest  Hmits  the  availaljle 
luagnificatiou  with  each  objective,  thus  facilitating  the  preliminary 
exa°mination  of  objects,  diminishing  the  labour  of  searching  for 
particular  parts  of  the  specimen.  Thus,  ^To.  i  enables  an  objective 
to  be  employed  with  its  own  initial  magnifying  power,  i.e.,  as  if  it 
were  used  as  a  simple  lens  Avithout  an  ocular  (Zeiss). 


no.  i5.-New  College  Microscope  by  Swift  &  Sons-Tripod  Stand. 

(ii )  The  zoorking  eye-jjieces  begin  with  a  magnifying  power  of  4- 
The  most  useful  are  4  and  6.    Other  eye-pieces  are— 

(iii.)  Projection  eye-iiieces ;  but  they  do  not  concern  us  here. 

14.  In  selecting  a  microscope,  there  are  many  points  to  be 

attended  to. 
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(A.)  Mechanical  Parts. — It  should  be  quite  stable,  so  that  it 
caunot  be  readily  upset.  To  this  end  the  stand  should  be  solid,  and 
either  of  the  tripod  (fig.  1 5 )  or  horse-shoe  pattern  (figs.  9,  i  o).  Very 
good  stands  of  the  tripod  pattern  are  made  by  Messrs.  James 
Swift  &  Sons  (fig.  15)  and  Messrs.  Crouch.  Fig.  1 5  has  a  glass  stage, 
the  body-tube  is  cloth-lined,  which  gives  a  smooth  and  steady  action. 
The  stage  should  be  at  a  convenient  height,  so  that  when  the  ulnar 
edge  of  the  left  hand  is  resting  on  the  table,  the  thumb  and  fore- 
finger of  the  same  hand  can  conveniently  grasp  and  move  the  slide  on 
the  stage.  The  stage  itself  should  be  a  little  broader  than  the  length 
of  the  slide.  The  slide  can  be  fixed  on  the  stage  by  means  of  two 
brass  clips,  which  are  fitted  into  holes  at 
the  two  posterior  angles  of  the  stage. 
The  pillar  of  the  microscope  may  be  fitted 
with  a  joint  to  enable  the  instrument  to 
be  inclined,  if  desired ;  but  of  course 
this  cannot  be  used  when  fluids  are  being 
examined ;  still  in  many  instances  it  is 
convenient  (figs.  10,  14).  Fig.  16  shows 
a  convenient  form  made  by  Hartnack  of 
Potsdam,  and  one  very  extensively  used 
by  students. 

It  is  highly  inconvenient  to  have  to  screAv 
and  unscrew  a  lens  every  time  a  change 
of  lens  is  required.  This  is  obviated  by 
using  a  nose-piece  or  revolver  (figs.  10, 
14),  which  is  screwed  to  the  lower  end 
of  the  tube  of  the  microscope.  The  high 
and  low  powers  are  fitted  to  this  frame- 
work, and  can  be  rotated  under  the  tube 
as  they  are  required.  Nose-pieces  are 
made  for  attaching  two  or  three  (figs.  10, 
14)  or  more  objectives,  and  they  can  be 
adapted  to  any  microscope. 

fT.^f'^lT'V'^  ''''''^T  ^'^"''"^S  a  nose-piece,  and  take  care  to  raise 
the  tube  high  enough  to  allow  the  objective  to  revolve  witliout  touch- 
ing the  cover-glass,  which  is  especially  apt  to  happen  on  using  a  high 
power  after  a  low  power,  the  lenses  not  being  of  the  same  length. 

Testthe  mechanical  parts  that  they  are  all  solid  and  work  well. 
Kaise  and  lower  the  tube  by  means  of  the  fine  adjustment,  and  do 
this  o  the  full  extent  of  the  threads  on  the  scLv,  noting  pai?i- 
be!n?done     '     '"^  while°th?s  is 

lnnk1nl°.?"v,^!J*  V.^''  J^'*  ^^^^  P^^-t«  ^^re  properly  centred  by 
looking  through  the  tube  after  removal  of  the  eye-piece.    Put  01^ 


Fig.  16.— stand  III.  of  Hartnack, 
with  joint  and  condenser. 
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the  hiqli  power ;  nse  a  medium  eye-piece,  and  focus  a  microscopic 
preparation  ;  any  thin  section  of  a  tissue  will  do.  The  field  should 
be  Lcre  well  illuminated,  and  flat.  If  there  are  specks  m  it,  clean 
all  the  lenses  to  see  that  these  specks  are  not  due  to  dust  on  the 
lenses  If  the  centre  of  a  flat  object  in  the  field  does  not  come  into 
focus  at  the  same  time  as  the  periphery  of  the  object,  then  the  lens 
should  be  rejected  on  account  of  its  spherical  aberration.  If  coloured 
rincs  appear  in  an  object,  then  the  lens  must  also  be  i;ejec  ed,  as  it 
[s  not  perfectly  achromatic.    The  definition  ought  to  be  sharp  and 

T^hf  quaUties  of  a  good  lens  are  the  following  :— 
The  definition  should  be  good,  i.e.,  the  correction  for  spherical 
and  chromatic  aberration  should  be  perfect.    The  outlines  o  objects 
should  be  sharply  defined  and  not  blurred,  and  there  shoiild  be  no 
coloured  halos^r  fringes  round  the  object     If  so,  the  chromatic 

-"^fo^Z  the  field  at  the  same 

time  should  be  see^  equal  distinctness,  and,  of  course,  this  can 
X  be  -  t^en  the  field  is  flat.  If  the  central  parts  are  sharply 
focussed  the  peripheral  parts  not,  then  the  field  is  not  flat. 

Eesol^ng  power,  which  depends  on  the  angle  of  aperture.  This 

T„t  :nwX:ndL  pfwe  i-ages  from  — 

p£s  iite  lertic«    Nanow  angled  lenses  are  :nors  smt- 

JLll  reqSred  to  make  sketches  of  ^2rST:iJoi  \Z 
of  the  utmost  importance,  not  only  from  the  pomt  ot  Mew 

=«ee£d1«^^^^^ 

H.H.H.),  and  also  y'*  either  co  ome^^  ^  ^^^^ 

It  is  far  more  important  that  a"»™";^"fSl  that  an  indifferent 
accurately  portraying  the  *ape  of  tl  e  object^^^^^^^  that  ^^^^ 


THE  MICROSCOPE  AND  ITS  ACCESSORIES. 


17 


succeed  in  delineating  their  preparations  when  they  have  o-iven  the 

matter  a  fair  trial.  ° 

(B.)  Various  Forms  of  Camera  Lucida.— Sometimes,  however, 

a  drawmg  has  to  be  done  to  scale,  or  its  outlines  and  details 

accurately  portrayed.  There  are  many 

devices  for  this  purpose.     Some  of 

these  instruments  are  by  no  means 

easy  to  work  with,  but   they  are 

excellent  for  tracing  the  outhnes  of 

objects  and  showing  the  exact  rela- 
tion of  one  part  to  another,  and  the 

relative  size  of  the  parts  of  an  object, 
(i.)  Zeiss's  Camera  Lucida  (fig. 

17)- — A  collar  (c)  with  a  vertical  rod 
attached  (a),  carrying  a  bar  (b)  which 
bears  the  prism  or  camera  (K).  The 
collar  is  slipped  over  the  tube  of  the 
microscope  and  the  eye-piece  inserted. 
Focus  the  object,  and  rotate  the  prism 
until  it  is  above  the  eye-piece;  the 
prism  covers  one-half  of  the  latter. 
The  drawing-board  is  inclined  at  an  angle  of  20°,  and  in  looking 
down  the  microscope  the  paper  and  the  image  of  the  object  are 
seen  simultaneously. 

^^^"•^sf^'^f^  ^'"'''^^  (^&Z'e).-This  apparatus  is  made  by  Zeiss 
{ng.  iH).    ihe  apparatus  is  screwed  to  the  tube  of  the  microscope. 


Fig.  17.— Zeiss's  Camera  Lucida.  (c.) 
collar;  (a.)  and  (6.)  supporting 
bars  ;  (K.)  camera. 


d-awings  it  is  i.p„,.»„t  to  reg„I„te  tLfer^MneS^f  LlZSot 

B 


i8 


PKACTICAL  HISTOLOGY. 


Pig.  19.— Camera  Lucida  of  Chevalier  or 
Oberhauser. 


of  the  paper;  this  is  effected  in  this  instniment  by  smoke-tinted 
glasses,  which  at  into  tlie  prism  mounting     In  other  cases  this  is 

''^SSZii  TaSf  ru«r'9).-The  roieroscope 
reiii  erect,  the  eye-pieee  is  --ed,  an^^^ 

a  sheet  of  white  paper  at  the 
side  of  the  microscope,  and 
directly  under  the  horizontal 
part  of  the  camera.    The  in- 
strument  itself  consists  of 
two  tubes  at  right  angles  to 
each  other,  and  at  the  angle 
is  a  prism,  which  reflects  at 
a  right  angle  in  a  horizontal 
direction  the   light  coming 
vertically  from  an  object  on 
the  stage.    These  horizontal 
rays  have  to  pass  through  what  is  practically  an  eye-piece  of  a 
microscope,  and  reach  a  small  prism  at  the  free  end  of  the  hon 
zontal  Dart  of  the  instrument.    This  prism  is  so  arranged  that  the 
r  ;  co'mtg        the  object  are  reflected  into  the  eye  of  an  obse  e 
who  on  looking  through  the  prism,  sees  an  image  of  the  object  upon 
The  sheet  of  paper  on  the  table.    The  observer  looks  througli  this 
^rism  bu\  he'^^^^^  so  adjust  his  P-ition  as  to  W  one-half  0^  th 
miDil  over  the  prism,  and  thus  with  one-half  of  the  pupU  view  t  ie 
^b^  t  oTthep'aper, 'while  the  other  half  of  the  -^^^  ^^^^^ 

ravs  of  lic^ht  coming  from  the  pencil  and  the  paper  The  distance 
bTween  ?h!  e^Tof^he  observer  and  the  V^^^f^^^^. 
Tt     bv  no  means  so  easy  to  sketch  the  outline  ot  an  oojeci  ^\itu 

e°ye  shLld  he  P-^r^V^X' ^  ^^^^^^^ 
by  means  of  a  blackened  shade.    The  difflc  dty  J 
the  stndent  is  to  see  the  object  and  the  point  of  the  pencil 

"rv."  Camera  of  Malassez  (fig.  .o).-This  -"f  ^  "f,!;- f^^^^ 
oni,  the  ocidar  prism,  is  fixed,  wh,  e  ^^^^  t 

moved  round  a  horizontal  axis.    ^h'S  enables  tne  i 

used  in  two  different  positions  of  Ti,. 
^Smining  a  fluid,  the  microscope  ^p^^'^^-':^^tZ  LJ^: 
instrument  is  fixed  to  the  W^'^'' ^^^^  The  imlge 
sup  fte»]>"°'"'^,f^nL\|r  f  L'— the 
^ap^mS^-a',^^^^^^^ 
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Fig.  20.— Jlalassez's  Camera  placed  at  a 
variable  angle. 


desired  to  incline  the  microscope  at  an  angle  of  45°  (fig.  20),  the 
camera  is  so  iDlaced  that  an  image  is  throAvn  on  paper  placed  behind 
the  foot  of  the  microscope,  the  prism  being  turned  to  an  angle  of 
45  •  This  camera  is  particularly 
easy  to  work  with.  It  is  some- 
times important  not  to  have  too 
much  light  on  the  paper ;  this  is 
avoided  by  using  the  plane  side  of 
the  mirror. 

16.  Magnifying  Power  of  a 
Microscope.— This  wiU  vary  with 
the  objective  and  ocular  used,  and 
also  with  the  length  of  the  draw- 
tube.  The  magnification  is  usually 
determined  when  an  image  is  seen 
at  the  range  of  normal  distinct 
vision,  i.e.,  10  inches  or  25  centi- 
metres. As  this  is  about  the 
height  of  a  Hartnack's  stand  or 
Zeiss's  stand,  supposing  these 
forms  of  instrument  to  be  used, 
place  a  sheet  of  white  paper  on 

Place'^^nr^;?       microscope  be  upright,  with  ocular  and  lens  in 
place.     Supposing  we  use  a  No.  7  objective  and  No   ^  ocular 
Begin  with  the  draw-tube  in,  place  a  stage-micrometer  on  the  stage 
of  the  microscope,  and  focus  the  scale  Spon  it    The  sta'e  mino 
meter  is  hke  a  glass  slide  with  a  fine  scale^ngraved  upon  it  The" 

Magnifying  Power.-This  may  be  increased- 
(a)  By  using  a  higher  objective. 
{h)  By  using  a  higher  eye-piece. 

Conatruct  a  table-nccordiig  to  the  following  scheme-„f  tl,o 
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magnifying  powers  of  the  different  combinations  of  the  objective 
and  ocular^'supplied  with  your  microscope  :— 


Objective. 

Ocular. 

Shallow,  or  A  or  2. 

Deep,  or  C  or  4. 

,    .      r  Half-inch  or  A 
Draw-tube  in  j  One-sixth  inch  or  D 

^  ,       ,  r  Half -inch  or  A 
Draw-tube  out  |  Qne-sixth  inch  or  D 

17  Measurement  of  the  Size  ot  a  mcroscopic  ui;j«^i,.-oup- 

nose  a  red  blood-corpuscle  is  to  be  measured.  Iveep  both  eyes 
open  w  th  one  look  down  the  tube  of  the  microscope  and  the 
other  eye  will  see  an  image  of  the  corpuscles  on  a  sheet  of  white 
pfper  pkcid  beside  the  microscope.  With  a  pencd  m-k  off  the 
outlines  of  a  corpuscle,  or  a  sketch  may  be  made  of  one  w^tii  a 
camera  lucida  Eemove  the  preparation,  and  for  it  substitute  a 
staTmicrome  er,  leaving  all  the  other  parts,  microscope  and  paper, 
as  tW  we  On  looking  down  the  tube  of  the  microscope  the 
iLs  on  The  micrometer  scale  are  seen.  Make  a  drawing  of  hese 
Ses     Th  s  may  be  kept  for  future  use,  but  on  the  scale  should  be 

A  circular  ffat  .^^^^^t^:^  l^^^  (W) 
and  the  eye-glass  (EG)  (fig.  22).  With  tliis  eye- 
pkce  foc/s  the  scale  on  a  stage-micrometer-its 
Sarkinrmust  be  parallel  to  these  m  the  eye- 
piece-and  count  the  niunber  of  divisions  of  the 
fatter  that  correspond  to  one  of  the  former.  Th. 
must  be  determined  for  each  combmation  ot  lenses 
—  w  Ih  a  known  length  of  tube.    Suppose  the  stage- 

^^^--f^^X  mfcrometer  to  be^divided  into  -^^ths  of  a  mdh- 
J^-c^oi  Serand  that  one  of  these  divisions  corresponded 
tTthr'ee  of  those  in  the  o^ukr,  then  each  ^  the 
spaces  in  the  ocular  micrometer  is  equal  to  ^^th  of  a  milhmetre, 
^'S^^^^^oi  measurement  is  xoooth  part  of  a  miUi- 
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metre  or  micro-miUimetre,  expressed  shortly  as  a  micron,  or  by 
the  Greek  letter  /x..  Thus,  each  space  of  the  ocular  micrometer  is 
equal  to  3-3  fi. 

With  these  data  it  is  easy  to  estimate  the  size  of  any  object.  The 
object  is  placed  on  the  stage  and  focussed,  always,  of  course,  with 
the  same  combination  of  lenses  and  ocular.  If  other  lenses  be  used, 
the  value  of  the  ocular  divisions  must  be  determined  for  this  particular 
combination.    Once  determined,  they  can  be  noted  for  future  use. 

18.  Artificial  lUmnination.— White  daylight  is,  of  course,  to  be 
preferred,  but  it  is  not  always  available.  When  artificial  light  has 
to  be  used,  a  gas  flame,  e.g.,  an  Argand  burner,  or  other  artificial 
light,  may  be  used.  An  ordinary  paraffin  lamp  with  a  flat  wick  and 
arranged  to  burn  steadily  does  very  well.    An  unsteady  flame  is 


riG.  22.— ilicrometer  Eye-piece. 
(EG.)  eye-glass;  (FG.)  field- 
glass  ;  (S.)  scale. 


Fig.  23.— Microscope  lamp, 
very  injurious  to  the  eyes.    It  requires  some  care  to  find  the  exact 
distance  at  which  the  lamp  should  be  placed  from  the  Jnov  U 
very  intense  light  be  required  to  exaiine  a  small  part  of  a  pre- 
paration, turn  the  wick  edge  on  to  the  mirror.    Between  it  and 
mirror  place  a  screen  of  white  paper.    If  the  direct  mys  from  a 
lamp  are  used,  to  correct  the  yellow  rays  place  a  sheet  of  pa  e  b  ue 
g  ass  or  a  glass  globe  containing  a  ^veak  solution  of  ammoiio 
sulphate  of  copper  between  the  light  and  the  mirror  or  a  t^i  bhie 
g  ass  may  be  placed  on  the  stage  under  the  preparatTon     A  Zaffin- 

st  f t"|  To^n.  i!i^  ^^^^"^  ^  chLpVaraffin  lai^^/soTd  by 

bwift  &  Sons.    A  remarkably  good  light  is  obtained  from  the 
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Welsbach  gas-burner,  the  rays  being  transmitted  through  a  large 
globe  containing  a  dilute  blue-coloured  solution  of  ammonio-sulphate 


Fig.  24.— Dissecting  Microscope  by  Verick. 


of  copper  The  lamp  recently  constructed  by  Kochs-Wolz  of  Bonn 
consXof  a  petroleum  or  gas  flame,  covered  by  an  opaque  chmney 


FlO.  25.— Dissecting  Microscope  by  Reichert. 


•  lorl  with  a  reflector,  which  directs  the  rays  of  light  through  a 
atnlhTch^^^^^^^^    lAto  the  hole  in  the  chimney  is  fitted  a  glass 
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rod,  which,  bent  in  a  gentle  curve,  conducts  the  light  from  the 
flame  to  the  under  surface  of  the  stage,  the  mirror  in  this  case  not 
being  used. 

Perhaps  the  most  useful  lamp  is  that  known  as  the  albo-carbon 
light.  It  is  the  one  I  am  in  the  habit  of  using  when — especially 
in  winter — good  daylight  is  not  available.  Ordinary  gas  is  used, 
but  the  gas  has  to  traverse  a  chamber  containing  naphthaline  before 
it  reaches  the  burner.  A  very  white  light  is  thus  obtained,  and 
can  be  used  without  the  intervention  of  blue  glass  or  a  blue  copper 
solution. 

If  expense  be  no  bar,  then  a  small  incandescent  electric  light  is 
most  useful. 

19.  Dissecting  Microscope  (figs.  24,  25).— This  is  very  useful. 
The  lenses  usually  employed  magnify  from  5  to  20  times  linear, 
and  are  fitted  into  a  framework  which  can  be  raised  or  depressed, 
so  as  to  bring  the  object  distinctly  into  focus. 

20.  Method  of  Measuring  the  Thickness  of  Cover-Glasses  — 

Thick  cover-glasses  are  of  no  use,  and  thin  ones  extra  thin  so 

called — are  to  be  pre- 
ferred. A  convenient 
thickness  is  0.16  mm. 
Tor  high  powers  this 
is  essential,  and  it  is 
well  to  measure  the 
thickness  of  the  cover- 
glasses,  and  to  reject 
all  those  above  a  cer- 
tain thickness.  This 
is  conveniently  and 
rapidly  done  by  means 
of  the  instrument 
shown  in  fig.  26.  A 
clip  projecting  from  the  box  fixes  the  cover-glasses,  and  the  thick- 
ness is  given  by  an  indicator  moving  over  a  divided  circle  on  the  Ud 
of  the  box.    The  divisions  show  hundredths  of  a  millimetre 

21.  Camera  Obscura  Shade.— When  one  has  to  contmue  observing 
a  microscopic  object  for  a  long  time,  it  is  convenient  to  shade  the 
eyes  from  all  light  reaching  them,  except  that  transmitted  through 
the  eye-piece.  This  is  best  done  by  a  blackened  screen  either  fixed 
to  the  microscope  or  arranged  in  front  of  the  microscope.^  Some 
observers  place  the  microscope  in  a  dark  chamber,  allowing  light  to 
tall  upon  the  mirror  through  an  aperture  in  its  front  wall.  Fldgel^ 
lias  designed  a  camera  obscura  for  this  purpose. 

1  Schiefferdocker,  ArcMvf.  wiss.  Mikr.,  ]i.  180,  1892. 
Zoolog.  Anzeiger,  by  V.  Canis,  p.  566,  1883. 


Fig.  26, 


;lass  Tester. 
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III.— NORMAL  OR  INDIFFERENT  FLUIDS. 


Not  unfrequently  Uving  tissues  or  fresh  tissue  elements  have  to 
be  examined  in  as  natural  a  condition  as  possible,  and  obviously,  if 
a  fluid  reqiiire  to  be  added  to  it,  the  fluid  must  be  of  such  a  nature 
that  it  -will  not  injuriously  affect  the  tissue  or  its  elements.  These 
fluids  are  spoken  of  as  indifferent  or  normal  fluids.  When  fresh, 
these  fluids  cause  very  sUght  changes  in  the  tissues.  Amongst 
those  used  are — 

1.  Normal  Saline. — Dissolve  6  grams  of  pure  sodic  chloride  in 

looo  cc.  water. 

2.  Kronecker's  Fluid. — It  consists  of 


Distilled  water 
Sodic  chloride 
Soda 


100  cc. 

.6  gram. 
.06  ,, 


3 

after 


Blood  Serum.— The  blood  is  allowed  to  clot,  and  the  serum, 
a  day  or  so,  is  poured  away  from  the  clot.  In  a  laboratory 
provided  with  a  "  centrifugal  apparatus  "  any  red  blood-corpuscles 
can  be  got  rid  of  by  "  centrifugalising "  the  serum.  This  fluid 
does  not  keep  long,  and  must  be  fresh.  It  has  been  suggested  to 
add  a  piece  of  camphor  to  it,  but  this  only  helps  to  preserve  it 
for  a  short  time.  Iodine  is  sometimes  added  to  serum  to  form 
iodised  serum,  but  this  is   by  no   means  an  indifi'erent  fluid 

^^'1  ^Aqueous  Humour.— With  a  narrow  triangular  Imife  puncture 
the  cornea  of  a  freshly-excised  ox's  eyebaU  and  collect  the  aqueous 
humour  which  exudes.  If  only  a  small  quantity  be  required,  it 
may  be  obtamed  by  puncturing  the  excised  eye  of  a  frog  with  a  flne 
capillary  glass  pipette  (p.  4). 

5.  Fluid  of  Eipart  and  Petit  :— 


Camphorated  water 
Distilled  water 
Glacial  acetic  acid 
Acetate  of  copper 
Chloride  of  copper 


75  cc. 
75  >. 

o.  30  gram. 
0.30  ,, 


It  is  very  useful  for  examining  animal  cells 


IV.— DISSOCIATING  FLUIDS. 

These  fluids  dissolve  or  soften  the  cement  substance  or  inter- 
stitial material,  e.g.,  of  epithelium,  connective  tissue,  and  thus 
faciUtate  the  separation  of  the  histological  elements  from  each  other. 
In  some  cases,  in  isolating  tissue  elements,  it  is  weU  not  to  have 
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too  much  fluid  in  proportion  to  the  morael  of  tissue,  else  hardening 
is  more  apt  to  take  place. 

1.  Strong  Iodised  Serum, — A  strong  solution  should  be  kept, 
which  may  be  diluted  as  required.  To  the  amniotic  fluid  of  a  cow 
or  to  blood-serum  add  crystals  of  iodine,  and  keep  it  in  a  stoppered 
bottle.  Shake  it  frequently.  At  first  very  little  iodine  is  dissolved, 
but  after  a  time  (15-20  days)  the  solution  becomes  much  stronger, 
i.e.,  it  becomes  of  a  deep-brown  tint. 

For  dissociating  a  tissue,  a  weak  iodised  serum  is  used.  A 
little  of  the  strong  fluid  is  added  to  fresh  serum  until  the  latter  has 
a  hght-brown  colour.  If  an  object  be  placed  in  the  dilute  iodised 
serum  and  the  brown  colour  fades,  more  of  the  strong  solution 
must  be  added.  In  using  this  fluid,  take  a  very  small  piece  of 
tissue,  the  size  of  half  a  pea  or  less,  and  place  it  in  5  cc.  of  the 
fluid  in  a  glass-stoppered  bottle.  After  a  day  or  two  it  may  be 
dissociated  with  needles,  but  the  brown  tint  must  be  maintained ; 
more  strong  fluid  must  be  added  if  putrefaction  is  to  be  pre- 
vented. 

2.  DUute  Alcohol  (Eanvier's  Alcool  au  tiers).— This  fluid, 
devised  by  Eanvier,  and  sometimes  called  "  one-third  alcohol,"  is 
of  the  greatest  possible  service,  and  is  one  of  the  best  dissociating 
fluids  we  possess.  Mix  i  part  of  96  per  cent,  alcohol  with  2  parts 
of  distilled  Avater.  It  dissociates  epithelial  and  other  tissues  in 
24-36  hours.  Use  a  small  quantity  of  the  fluid  in  proportion  to 
the  tissue. 

3.  Chromic  Acid. — One  gram  in  1000  of  water.  This  requires 
two  days  to  a  week,  according  to  the  tissue  placed  in  it. 

4.  Potassic  Bichromate.— Two  parts  in  1000  of  water,  i.e.,  .2 
per  cent.  It  is  very  useful  for  dissociating  epithelium  and  the 
nerve-cells  of  the  spinal  cord.    It  does  so  in  2-3  days. 

5.  Ammonium  Chromate  (5  per  cent.).— It  is  used  for  disso- 
ciating the  "  rodded "  cells  of  the  renal  tubules,  cells  of  salivary 
glands,  Purkmje's  fibres  of  the  heart,  <&c.  It  acts  in  24-36  hours, 
and  the  chromate  must  be  well  washed  out  of  the  tissues  if  they 
are  to  be  preserved. 

_  6.  Caustic  Potash.— Thirty  to  35  parts  in  100  of  water.  It  acts 
m  20-30  minutes,  rapidly  destroying  connective  tissue.  Water  must 
not  be  added  to  the  dissociated  tissue,  else  the  tissues  are  rapidly 
dissolved.  It  IS  used  for  isolating  the  fibres  of  smooth  muscle,  or 
heart-fibres.  Examine  the  dissociated  tissues  in  the  dissociating 
nuiu.  As  a  rule,  tissues  so  dissociated  cannot  be  preserved,  but 
there  are  certain  exceptions. 

7.  DUute  Osmic  Acid  (.1  per  cent.).-It  acts  in  24-48  liours 
fat  gbbules°  ^"^^  is  ^^^11  suited  for  cells  containing 
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8.  Landois'  Fluid : — 


Neutral  ammoinum  cliromate 
Potassium  phosphate 
Sodium  sulj^liate 
Distilled  water  . 


5  grms. 


lOO  cc. 


This  is  specially  useful  for  the  central  nervous  system.  Small 
pieces  must  lie  in  it  for  1-5  days.    (See  Lesson  on  Nervous  System.) 
9.  Methyl  Mixture  or  Schiefiferdecker's  Fluid  :— 


Methylic  alcohol . 
Glycerine 
Distilled  water 


5  cc. 
5° 

100  ,, 


It  is  better  to  prepare  it  fresh,  but  it  can  be  preserved  in  a 
glass-stoppered  bottle.  The  methylic  alcohol  rapidly 
evaporates.  The  tissues  remain  in  it  for  several  days, 
and  it  is  specially  useful  for  the  retina  and  central 
nervous  system.  I  find  that  it  isolates  epithelial  cells 
in  one  to  two  days.  It  acts  very  much  like  Kanvier's 
alcohol. 

10.  Other  fluids  are  referred  to  in  the  text,  e.g., 
baryta  water,  and  10  per  cent,  sodic  chloride  for 

tendon.  This  dissolves  the  cement  substance  of  epi- 
thelial cells  and  the  mucinoid  cement  of  connective 
tissue. 

  11.'  Digestion  Methods,  both  gastric  and  tryptic, 

.7.-Giass  are  used  (see  text).  ■,   n  •  ■, 

Tube  or  -jj^e  special  uses  of  the  above-named  fluids  are 
msiocHatSg  referred  to  in  text  under  the  tissues  or  organs,  for 

tissue''  which  each  is  specially  adapted, 
of  a  tissue.       q^^^^^^i  Directions  for  Dissociatuig  Tissues.— 

Always  use  a  very  small  piece  of  the  tissue  or  organ,  and  place  it 
in  a  not  too  large  quantity  of  the  dissociatmg  fluid.  SmaU  glass 
thimbles  (fig.  27)  are  very  iiseful  for  this  purpose. 


KG- 


v.— HOW  TO  TEASE  A  TISSUE. 

To  separate  by  means  of  needles  the  elementary  parts  of  a  tissue 
is  by  no  means  an  easy  task.  The  tissue  must  be  seen  distinctly 
and  the  needles  must  be  so  used  as  not  to  break  up  the  parts,  but 
onlv  to  separate  them.  The  process  may  be  done  by  the  unaided 
eve  or  with  the  aid  of  a  lens  or  dissecting  microscope  (figs  24,  25). 
The  li-ht  must  be  good,  and  an  appropriate  background  for  the 
object  should  be  selected.    If  the  tissue  is  colourless,  use  a  black 
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background,  e.g.,  black  paper  ;  if  coloured,  a  white  one.  In  the 
latter  case,  however,  the  shadows  interfere  with  exact  vision,  and  it 
is  better  to  support  the  slide  upon  an  object  raised  slightly  above 
the  white  background.  This  is  readily  accomplished  by  placing  it 
over  a  white  porcelain  capsule,  or  on  a  photophore  (fig,  28),  into 
which  is  slipped  a  piece  of  white  paper. 

In  a  laboratory,  one  of  the  most  convenient  ways  is  to  have  the 
tables  painted  of  a  black  or  very  dark  green  colour,  but  the  painting 
must  be  flat,  with  no  shining  varnish.  At  the  edge  of  the  table  is 
painted  a  white  strip  inches  broad.  Some  prefer  to  burn  into 
the  surface  of  the  table  solid  paraffin  blackened  by  means  of  lamp- 
black. Others  use  porcelain  slabs  one-half  black  and  the  other 
white. 

Photophore  (fig.  28). — This  is  a  small  wooden  box,  5  cm.  high, 
9  cm.  long,  and  9  cm.  broad.  The  upper  part  is  formed  of  glass. 
The  front  wall  of  the  box  is  wanting. 
Placed  obliquely  within  the  box  is  a 
mirror,  which  reflects  the  light  upwards 
through  the  glass  cover  and  the  slide  to 
the  eye  of  the  observer. 

In  dissociating  with  needles,  we  must  ^s.-PhotopUore. 
have  some  knowledge  of  the  arrange- 
ment of  the  parts  of  the  object  to  be  teased,  such  as  the  direction 
of  the  fibres,  kc.    Take  a  small  piece  only.    Always  tease  one  end 
of  the  tissue,  and  fix  the  latter  with  one  needle  while  the  parts  are 
separated  with  the  other  needle. 

One  of  the  most  convenient  combinations  is  that  of  Eternod, 
which  combines  a  photophore  with  a  turntable.  The  wheel  of  the 
latter  can  be  removed,  and  the  block  forms  not  only  a  photophore, 
but  also  a  surface  on  which  tissues  of  different  colours  can  be  teased 
and  mounted. 


VI.— FIXING  AND  HAEDENING  REAGENTS. 

Most  of  the  tissues  and  organs  must  be  hardened  in  suitable 
fluids  before  they  can  be  cut  into  sections.  A  large  number  of 
fluids  of  various  kinds  are  used,  each  organ  or  tissue  requiring  its 
own  appropriate  fluid.  Some  organs,  e.g.,  bone,  are  too  hard  to  be 
cut  in  their  natural  condition ;  they  must  be  decalcified  by  appro- 
priate fluids.  Amongst  others,  the  following  fluids  are  required, 
but  others  are  referred  to  in  the  text. 

A.  Alcohol. 

Alcohol  is  one  of  the  most  important  hardening  fluids  used 
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either  by  itself,  or  to  complete  the  hardening  processes  begun 
with  other  fluids.  Moreover,  it  is  almost  universally  used  _  for 
the  preservation  of  tissues  already  hardened.  There  are  three  kinds 
of  alcohol  used  for  histological  purposes,  viz.,  absolute  alcohol,  recti- 
fied spirit,  and  methylated  spirit. 

(a.)  Absolute  Alcohol  is  alcohol  without  Avater,  but  that  sold 
usually  contains  96  per  cent,  of  pure  alcohol,  and  is  suflficiently 
strong  for  microscopical  purposes.  If  an  absolutely  water-free 
alcohol  is  desired,  place  well-dried  potassic  carbonate  in  the  alcohol. 
This  rapidly  absorbs  the  moisture.  Or  powdered  and  heated  cupric 
sulphate— a  white  powder— is  added.  If  water  is  present,  it  absorbs 
it,  and  becomes  blue  again.    Lowne  uses  slips  of  gelatine. 

(6.)  Rectified  Spirit  contains  84  per  cent,  of  spirit  and  16  per 

cent,  of  water.  . 

(c.)  Methylated  Spirit  contains  a  little  wood  naphtha,  and  is 
nearly  as  strong  as  the  ordinary  absolute  alcohol,  and  may  be  made 
stronger  by  placing  some  well-dried  carbonate  of  potash  m  it.  The 
carbonate  of  potash  absorbs  any  water  present  in  the  alcohol.  Others 
use  cupric  sulphate  well  heated  in  a  metallic  capsule,  until  it 
becomes  a  white  powder.  When  it  becomes  blue  in  the  spirit  it 
must  be  replaced  by  new  CUSO4.    It  can  be  heated  and  used  again. 

Alcohol  is  used  of  various  strengths  for  hardening  purposes. 

Seventy-five  per  Cent.  Alcohol.— To  every  75  cc.  of  absolute 
alcohol  add  25  cc.  of  distilled  water. 

Seventy  per  Cent.  Alcohol.— To  every  70  cc.  of  absolute  alcohol 
add  30  cc.  of  distilled  water.  .    i  w 

Fifty   per  Cent.  Alcohol.— Take  equal  volumes  of  absolute 

alcohol  and  distilled  water. 

To  Harden  in  Alcohol  Alone.— The  tissues  are  placed  for  E2-24 
hours  in  the  weaker  (50  per  cent.)  alcohol,  and  passed  through  the 
stronger  alcohols  (in  each  a  day  or  thereby),  and  finally  kept  m  95 
per  cent,  alcohol  until  they  are  required. 

For  certain  special  purposes  the  tissues,  e.g.,  glands  and  struc- 
tures for  the  preservation  of  mitotic  figures,  are  fixed,  and  at  the 
same  time  hardened  by  being  placed  at  once,  and  while  as  fresh  as 
possible,  in  absolute  or  96  per  cent,  alcohol. 

B.  Chromium  and  its  Compounds. 

1  Chromic  Acid  (Stock  Solution).— It  is  well  to  prepare  a 
strong  solution— 10  per  cent.-and  to  keep  this  as  a  stock  to  be 
diluted  when  required.    Dissolve  ro  grams  of  fresh  chromic  acid 

in  00  cc.  of  distilled  water.  .    .  .  ■■     rr.  t 

2  Half  per  Cent.  Solution  of  Chromic  Acid.— To  50  cc.  of  the 
10  per  cent,  solution  add  950  cc.  of  distilled  water,  or  dissolve  i 
crram  of  chromic  acid  in  200  cc.  of  water.    Simdar  solutions 
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containing  .3  and  .2  per  cent,  chromic  acid  are  frequently  used,  and 
can  readily  be  made  from  the  stock-bottle. 

3.  Chromic  Acid  and  Spirit,  or  Klein's  Fluid. — Mix  2  parts  of 
chromic  acid  (.6  per  cent,  i.e.,  6  grams  in  1000  cc.)  with  i  part  of 
methylated  spirit.  This  should  be  made  fresh,  and  kept  from  the 
light.  If  the  fluid  be  changed  often  it  hardens  tissues  in  8-10 
days. 

4.  Chromic  Acid  and  Bichromate  Solution. — Dissolve  i  gram 
of  chromic  acid  and  2  grams  of  potassic  bichromate  in  1500  cc.  of 
water. 

5.  Miiller's  Fluid. — -Dissolve  25  grams  of  potassium  bichromate 
and  10  grams  of  sodium  sulphate  in  1000  cc.  of  water.  Solution 
takes  place  slowly  at  the  ordinary  temperature.  Pound  the 
ingredients  in  a  mortar,  add  the  water,  and  warm  until  they  are 
dissolved.  It  takes  five  to  seven  weeks  to  harden  a  tissue, 
according  to  the  size  of  the  tissue  placed  in  it.  This  fluid  is  very 
extensively  used,  as  it  penetrates  into  the  tissues  and  hardens  them 
equally  throughout.  To  prevent  the  formation  of  fungi,  place  a 
piece  of  camphor  in  the  solution.  Miiller's  fluid  preserves  blood- 
corpuscles  in  their  original  form,  and  they  retain  their  yellow 
colour.    It  also  shrivels  very  slightly  the  tissue  elements. 

6.  MiiUer's  Fluid  and  Spirit.— Miiller's  fluid  3  parts,  and 
methylated  spirit  i  part.  Mix,  and  allow  the  mixture  to  cool 
before  using  it.  When  tissues  are  hardened  in  it  they  should  be 
kept  in  the  dark. 

7.  Erlicki's  Fluid. — Dissolve  2.5  grams  of  potassium  bichromate 
and  .5  gram  cupric  sulphate  in  100  cc.  water.  It  should  be 
prepared  fresh.  It  hardens  more  quickly  than  Miiller's  fluid,  and 
after  the  first  day  or  two  its  action  is  greatly  facilitated  by  keeping 
the  tissues  in  it  at  40°  C.  Ten  days  or  so  will  sufiice  for  hardening 
under  these  conditions.  Experience,  however,  has  shown  that  the 
process  of  rapidly  hardening  tissues  at  a  comparatively  high 
temperature  is  not  so  satisfactory  as  that  conducted  at  a  lower 
temperature. 

8.  Potassium  Bichromate.— Make  a  2  per  cent,  solution  by 
dissolving  10  grams  of  the  salt  in  500  cc.  of  water.  It  takes 
from  three  to  seven  weeks  to  harden  tissues,  and  is  one  of  the  best 
hardening  fluids  for  the  central  nervous  system. 

9.  Ammonium  Bichromate  is  used  in  the  same  way  and  of  the 
same  strength.  It  takes  much  longer  to  harden  than  8.  (See 
Central  Nervous  System.) 

10.  Ammonium  Chromate  (5  per  cent,  solution).— This  is  used 
tor  hardenmg  the  kidney  and  other  secretory  glands,  the  mesentery 
of  the  newt,  &c.  (see  text).  j  o        j  j 

Precautions  in  Coimection  with  Chromimn  Compounds.— Sola- 
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tions  of  pure  chromic  acid  do  not  penetrate  well  into  tissues, 
therefore  the  pieces  of  tissue  must  be  small.  In  the  case  of  tissues 
placed  in  MUller's  fluid  or  potassic  Mchromate,  they  are  hardened 
very  slowly.  In  the  case  of  most  organs  3-4  weeks  suffice,  but  in 
the  case  of  the  brain  and  spinal  cord  it  takes  several  months  to 
harden  tissues  and  organs  in  these  fluids.  The  fluid  must  be 
frequently  changed,  and  it  must  be  large  in  amount.  The  forma- 
tion of  fungi  on  its  surface  may  be  prevented  by  adding  a  piece  of 
camphor,  thymol,  or  naphthaline  to  the  fluid.  The  hardening 
process  is  accelerated  when  the  fluid  and  tissue  are  kept  at  3o°-4o° 
C,  but  the  result  is  not  so  satisfactory  as  by  the  slower  cooler 
process. 

Except  for  special  purposes,  e.g.,  "VVeigert's  method  for  the  cen- 
tral nervous  system,  the  chromic  acid  salts  must  be  thoroughly 
washed  out  of  the  hardened  tissue  or  organ.  This  is  done  by 
leaving  them  for  many  hours  or  days  in  a  stream  of  running  water. 
In  all  cases  it  is  well  to  keep  the  fluids  and  tissues  in  a  cool  place, 
and  in  some  cases  in  the  dark,  e.g.,  3  and  6. 

In  connection  with  the  hardening  of  tissues,  especially  those  of 
the  central  nervous  system,  it  is,  Avith  right,  insisted  upon  that  the 
hardening  fluid  should  be  frequently  changed.  I  find,  however, 
and  my  observations  are  borne  out  by  other  observers,  that  after 
the  first  change  of  fluid  a  very  satisfactory  result  is  obtained  by 
placing  the  organ  to  be  hardened  in  a  very  large  volume  of  the 
hardening  fluid,  e.g.,  the  spinal  cord  of  a  cat  or  dog  in  a  litre  of  the 
hardening  reagent,  and  leaving  it  under  proper  conditions  until  the 
cord  is  hardened.    Stir  the  fluid  from  time  to  time. 

Chromic  acid  seems  to  form  a  compound  with  the  tissues,  so 
that  it  is  not  easily  removed  from  them.  Tissues  hardened  in 
chromic  acid  are  not  readily  stained  by  carmine,  so  that  for  this 
purpose  it  is  better  to  use  hsematoxylin  or  safranin. 

C.  Acids  and  Acid  Mixtures. 

1.  Picric  Acid.— Make  a  cold  saturated  solution  of  picric  acid  in 
water.  There  should  always  be  a  large  excess  of  crystals  on  the 
bottom  of  the  bottle.  Place  a  small  piece  of  tissue  in  the  solution 
for  6-24  hours.  The  tissues  are  to  be  afterwards  washed  in  70  per 
cent,  alcohol— not  water— and  transferred  to  95  per  cent,  alcohol. 

2.  Kleinenberg's  Picro-Sulphuric  Acid. — To  100  cc.  of  a  cold 
saturated  watery  solution  of  picric  acid  add  2  cc.  of  concentrated 
sulphuric  acid.  This  causes  a  copious  precipitate.  After  twenty 
hours  filter,  and  to  the  filtrate  add  300  cc.  of  distilled  water. 

Tissues  are  placed  in  this  fluid  for  a  comparatively  short  space  of 

time  from  a  few  minutes  to  two  or  six  hours.    The  time  should 

never  exceed  six  hours.    The  liquid  must  be  changed  if  it  becomes 
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turbid.  The  hardening  process  is  completed  in  alcohol.  It  is  well 
adapted  for  embryological  work. 

3.  Picro-Nitric  Acid  (P.  Mai/er).— Some  substitute  nitric  acid  for 
the  sulphuric  acid,  but  for  our  purposes  there  is  no  advantage  in 
this.  Small  pieces  of  tissue  not  over  J  cm.  in  diameter — prefer- 
ably those  that  contain  little  connective  tissue — are  hardened  for  1-3 
hours.  They  are  washed  with  alcohol  until  most  of  the  yellow 
colour  disappears.    Sections  can  be  stained  with  haematoxylin. 

4.  Nitric  Acid  {Altmann). — Use  a  3  per  cent,  watery  solution  of 
pure  nitric  acid.  This  has  a  sp.  gr.  of  1.02.  Use  as  small  pieces 
as  possible,  and  leave  them  in  the  mixture  just  until  they  are  fixed, 
i.e.,  from  a  quarter  to  half  an  hour.  Strong  solutions,  if  they  act 
too  long,  dissolve  the  chromatin.  The  tissues  are  then  hardened 
successively  in  70,  80,  and  90  per  cent,  alcohol  It  is  particularly 
useful  for  preserving  the  nuclei  of  cells,  mitotic  figures,  embryological 
tissues,  and  the  retina. 

5.  Per^nyi's  Fluid : — 

Nitric  acid  (10  per  cent.)  .  .  .       40  cc. 

Chromic  acid  (0.5  per  cent.)        .  .  .       30  ,,' 

Alcohol    ....  " 

It  is  a  light  greenish-blue  liquid,  and  is  specially  useful  for 
hardening  ova  and  embryos.  Time,  4-6  hours  for  a  small  embryo 
and  4-12  hours  for  the  tissues  of  vertebrates.  The  tissue  is  trans- 
ferred direct  to  75  per  cent,  alcohol  without  previous  washing  in 
water.  Borax  carmine  may  be  added  to  it,  and  then  this  mixture 
hardens  and  stains  at  the  same  time  {Garhini). 

6.  Chromo-Formic  Acid  (Eabl's  Fluid).— To  200  cc  of  1  per 
cent,  chromic  acid  add  four  to  five  drops  formic  acid.  It  must  be 
freshly  prepared,  and  fresh  tissues— small  pieces— are  placed  in  it 
for  12-24  hours.  The  tissues  are  thoroughly  washed  in  water,  and 
hardened  in  alcohol  of  gradually  increasing  strength.  Sections  can 
be  stained  in  ha;matoxylm  and  safranin.  It  is  specially  useful  for  the 
study  of  mitosis  and  nuclei  generally.  It  has  this  advantage,  that 
tissues  hardened  in  it  do  not  afterwards  darken 

7.  Chromo-Acetic  Acid  {Flemmimj).—As  chromic  acid  by  itself 
IS  apt  to  cause  shrinking  of  some  of  the  more  delicate  textures,  it 
has  been  proposed  to  mix  it  ^vith  a  substance  which  has  an  opposite 
effect,  such  as  acetic  acid.  The  following  combination  is  specially 
recommended  by  Flemmmg  for  fixing  the  achromatic  spindle  in 

Chromic  acid  . 

Glacial  acetic  acid      .         '  "  '  *T 

Water  .  •         •          .        i^,  cc. 

100  ,, 

The  tissues  must  be  small  in  size,  not  above  3-5  mm.  in  diameter. 
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They  are  hardened  for  twenty-four  hours  in  this  mixture,  and  after- 
wards washed  for  twenty-four  hours  in  water,  and  the  hardening 
completed  successively  in  70,  80,  and  90  per  cent,  alcohol— each  for 
12-24  hours.    Sections  can  be  stained  with  hsematoxylm. 

8.  Osmic  Acid.— Make  a  i  per  cent,  solution  by  dissolving  i 
crram  in  100  cc.  of  distilled  water.  This  substance  is  rather  ex- 
pensive, and  is  sold  in  sealed  glass  tubes.  CarefuUy  clean  the 
surface  of  the  tube,  snip  off  one  end  of  it,  and  place  it  with  the 
requisite  quantity  of  water  in  a  glass-stoppered  bottle,  which  has 
been  carefully  cleaned,  so  that  it  does  not  contain  a  trace  oi 
organic  matter.  Organic  matter  decomposes  it  very  rapidly.  It  takes 
several  hours  to  dissolve.  Some  prefer  to  use  normal  salme  solution 
instead  of  water  to  dissolve  it.  Its  vapour  is  very  irritating  to  the 
eyes  and  mucous  membranes  generally.  It  should  be  preserved  in 
yellow-coloured  bottles  and  kept  in  the  dark.  If  a  yellow  bottle  is 
not  available,  cover  a  bottle  with  brown  or  black  paper. 

9.  Osmic  Acid  Vapour.— This  is  most  useful  for  thin  membranes 
and"  glands.    Tissues  stain  readily  after  its  use. 

.  10  Chromo-Aceto-Osmic  Acid  (Flemmmg's  Fkud).— To  45  cc. 
of  I  per  cent,  chromic  acid  add  12  cc.  of  2  per  cent,  osmic  acid, 
and  then  3  cc.  of  glacial  acetic  acid.  This  can  be  kept  for  a  long 
time,  and  need  not  be  kept  in  the  dark.  It  is  speciaUy  useful  for 
fixino-  the  figures  in  cell-division  or  mitosis,  and  for  many  other 
Durposes  It  "fixes"  tissues  in  from  a  few  hours  to  twenty-four 
hours  or  longer;  but  the  pieces  must  be  small  2-3  mm.  thick  as  it 
does  not  penetrate  deeply.  This  is  Flemmmg's  "  strong  formula. 
A  weaker  fluid  is  sometimes  used,  and  is  prepared  as  follows  :— 


ID  CC. 
10  ,, 


Osmic  acid  ( I  per  cent.) 

Glacial  acetic  acid  (I  per  cent.)  . 

Chromic  acid  ( I  per  cent.)  .  ■  •       ^5  ,, 

Water     .  •  •  •  •  -55  >. 

They  must  be  thoroughly  washed  by  being  kept  in  running 
water  for  twelve  hours,  and  then  hardened  in  the  various  strengths 
Talcohol,  70,  80,  and  90  per  cent.,  each  for  twen  y-four  hours. 
Sections  should  be' stained  as  soon  as  possible  after  they  are  made, 
as  on  keeping  they  do  not  stain  so  well.  They  may  be  stained  with 
::&.^r^J:^yl^,  or  methyl-violet,  but  sa  ranin  J  tl.  bes 
(p  7O  it  stains  the  chromatin  of  the  cells  a  bright  led.  iissues 
hardened  in  it  are  not  well  adapted  for  teasing. 

11  Fol's  Solution.— This  is  a  modification  of  10.  it  contains 
less  osmic  acid,  and  is  used  more  generally.  To  2  cc.  of  i  per  cent 
osmic  S  add  25  cc.  of  i  per  cent,  chromic  acid,  five  parts  of  2  per 
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tissue  is  to  be  hardened  in  a  certain  fluid,  and  to  be  treated  with 
osmic  acid  afterwards,  that  tissue  had  better  not  be  put  into  alcohol 
if  it  contains  fat  or  fatty  jjarticles,  as  the  alcohol  dissolves  the  fat. 
Thus,  a  tissue  hardened  in  Miiller's  fluid  may  be  put  into  osmic  acid, 
and  the  fat-cells  will  still  be  blackened. 

It  has  recently  been  shown  that  the  prolonged  action  of  turpen- 
tine, toluol,  xylol,  ether,  and  creasote,  but  not  clove-oil  or  chloroform, 
will  decolorise  particles  of  oil  (fat)  blackened  by  osmic  acid.  This 
is  most  important  in  connection  with  the  osmic  method  for  studying 
the  absorption  of  fat  in  the  small  intestine  (Lesson  XXV.). 

Tissues  containing  fat  may  therefore  be  embedded  in  paraffin  after 
being  passed  through  chloroform  (p.  43). 

Osmic  acid  fixes  fresh  tissues  very  rapidly,  but  it  does  not  pene- 
trate deeply ;  therefore  the  tissues  must  be  cut  into  very  small  pieces 
to  get  them  fixed  throughout  by  the  acid.  It  has  the  power  of 
diff'erentiating  tissues,  the  nuclei  become  yeUow,  fat,  and  the  nervous 
system  black.  After  twenty-four  hom-s  or  so,  the  tissues  are 
thoroughly  washed  in  water  and  hardened  in  90  per  cent,  alcohol. 
To  avoid  the  blackening  which  is  apt  to  occur  in  tissues  still  con- 
taining a  trace  of  osmic  acid,  it  has  been  proposed  to  treat  the 
tissues  with  a  weak  solution  of  cyanide  of  potassium,  and  then  to 
harden  in  alcohol.  It  enters  into  the  composition  of  several 
hardening  fluids  (p.  32),  and  Hermann's  fluid  (Lesson  XXXV.). 


D.  Other  Hardening  Fluids. 

1.  Bichloride  of  Mercury  or  Corrosive  Sublimate.— A  saturated 
watery  solution  contains  about  5  per  cent,  of  the  salt;  but  it  is 
much  more  soluble  in  alcohol,  especially  alcohol  of  50  to  60  per 
cent.  Make  a  saturated  watery  solution,  and  also  a  saturated 
alcoholic  solution.  A  saturated  solution  in  0.5  NaCl  solution  is 
also  used. 

A  cold  saturated  solution  is  best  made  as  follows: — Place  60 
grams  of  it  in  1000  cc.  of  water,  and  dissolve  with  the  aid  of  heat. 
Filter  the  warm  solution  and  allow  it  to  cool.  On  coolino-,  Ion" 
white  needle-shaped  crystals  of  the  sublimate  separate.'  The 
supernatant  fluid  is  used,  and  the  tissues,  which  must  not  be  more 
than  J  cm.  in  diameter,  remain  in  the  fluid  from  1-3  hours  accord- 
ing to  their  size.  After  fixation  they  are  hardened  in  70,  80,  and 
90  per  cent,  alcohol.  No  metallic  instruments  are  to  be  used. 
Use  glass  or  wooden  instruments. 

This  is  a  most  excellent  hardenmg  reagent,  and  it  hardens  tissues 
with  great  rapidity,  so  that  tissues  must  not  be  left  in  it  for  too 
long  a  time.    For  small  pieces,  a  quarter  of  an  hour  or  thereby  is 
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sufficient;  for  large  pieces,  one  to  two  hours.    The  pieces  when 
fixed  become  whitish  throughout. 

For  rjlands  and  glandular  structures  generally,  a  half-saturated 
alcoholic  solution  is  most  useful,  i.e.,  to  50  cc.  of  a  saturated 
alcoholic  solution  add  50  cc.  of  70  per  cent,  alcohol.  Vignal 
reconunends  that  to  100  cc.  of  this  mixture  there  be  added  5  to 
6  drops  of  nitric  acid.  The  pieces  of  glands,  4  mm.  cubes,  are 
hardened  in  one  hour  or  so.    The  hardening  is   completed  ui 

alcohol.  J.    £  +1 

]S[  B.  All  the  corrosive  sublimate  must  be  washed  out  ol  tne 

tissue— by  alcohol,  not  water— otherwise  the  sections  wdll  be 
dotted  with  small  black  specks  or  star-like  or  needle-shaped  crystals 
of  the  salt,  or  the  salt  may  be  removed  by  adding  a  few  drops  of  an 
alcoholic  sokition  of  iodine  to  the  alcohol  used  to  complete  the 
hardening,  or  before  complete  hardening  m  alcohol  it  may  be 
steeped  for  2-3  days  in  70  per  cent,  alcohol,  to  which  a  few  drops 
of  tincture  of  iodine  is  added. 

The  action  of  the  salt  may  be  accelerated  by  placing  the  tissues 
in  the  fluid  heated  to  38=  C.    Sections  stain  readily  with  all  the 

usual  staining  reagents.  .     .i,  4.- 

iV.5— Do  not  use  metaUic  instruments  to  transfer  the  tissues 

from' one  vessel  to  another.    Use  glass  or  wood  or  horn.  _ 
2.  Other  Fltiids  for  special  purposes  are  mentioned  m  tne 

text. 

General  Directions  on  Hardening. 

The  tissues  should  be  taken  from  the  body  as  soon  as  possible 
after  death,  and  transferred  as  soon  as  possible  to  the  hardening 

^"^Any  blood  adliering  to  the  parts  may  be  removed  by  washing 
them  in  normal  saline  solution.  ^  ..rW^o^^ 

With  a  sharp  razor  cut  the  tissues  m  the  same  plane  m  which 
they  are  afterwards  to  be  cut  for  sections.  The  tissue  must  be  ciit 
Z\n  ^mall  pieces  i.e.,  i  to  f  inch  cubes,  except  m  the  case  of 
tiueHf  be  hardened  iS  Miifler's  fluid.  They  wiU  harden  better 
if  they  are  small,  say  i  cm.  square. 

The  best  way  is  to  suspend  the  tissues  m  the  upper  half  of  the 
fluid,  which  should  always  be  many  times  ^l^^  Jolume-15-20-- 
nf  the  tissue:  If  it  is  inconvenient  to  suspend  them,  cove  the 
hot  om  of  th;  iar  or  wide-mouthed  bottle  in  which  they  are  placed 
^tliTn  old  washed  rag  or  blotting-paper  to  prevent  the  tissue  from 

''t!  H^^id  Ustt  Snged  within  the  first  tw-ty-four  Irov^^ 
aiJ  a'ain  on  the  second  day,  then  on  the  fourth,  eighth,  and  twelfth 
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day,  and  once  or  twice  afterwards,  and  on  each  occasion  alter  the 
position  of  the  tissues.  If  the  fluid  becomes  turbid,  change  it  at 
once  (p.  30). 

Label  each  bottle  carefully,  and  place  it  in  a  cool  place.  Keep 
all  chromic  acid  and  solutions  containing  it  or  its  salts  in  the 
dark. 

Tissues  hardened  in  alcohol  and  picric  acid  must  not  be  placed 
in  water,  but  directly  into  the  various  strengths  of  alcohol, 
beginning  with  50  per  cent,  and  rising  to  95  per  cent.  Wash 
out  by  means  of  alcohol  as  much  of  the  picric  acid  as 
possible. 

For  other  tissues,  hardened  in  chromium  salts  (p.  30),  the  excess 
of  these  salts  may  be  removed  from  them  by  washing  in  water  (for 
certain  special  purposes  this  is  omitted),  and  they  are  then  transferred 
first  to  weak  spirit,  in  which  they  may  remain  a  few  days,  and  then 
to  the  stronger  alcohols  (p.  28).  To  avoid  the  deposits  which  occur 
in  chromic  acid  preparations  when  they  are  placed  in  alcohol,  keep 
them  in  the  dark.  If  kept  in  the  dark,  as  Hans  Yirchow  has 
shown,  there  is  no  deposit  formed  when  a  tissue  hardened  in 
chromic  acid  or  Miiller's  fluid  is  placed  in  spirit.  Kept  in  this 
way,  I  find  that  the  alcohol  remains  quite  clear  and  no  deposit 
forms. 

Scheme  for  the  Hardening  of  Tissues  (Garbini). 
Fresh  Object. 


Sublimate.  Osmic  acid. 


Distilled  water.         Running  water. 

Alcohol  (so  p.c.)  Cyanide  of  Potassium, 
(iodated). 


Alcohol  (70  p.c.)       Alcohol  (50  p.c). 
(iodated). 


Picric  acid  or 
solution  con- 
taining it. 


Alcohol 
(SO  p.c). 


Chromic  acid  or 
its  compounds. 


Running  water. 


Alcohol  (50  p.c.) 
in  dark. 


Alcohol  (70  p.c.) 
in  dark. 


Alcohol  (70  p.c). 
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Garbini  divides  hardening  reagents  into  the  two  following  classes, 
according  as  the  tissues— after  hardening— stain  readily  or  do  not 
stain  readily  with  carmine  : — 

Vapour  of  osmic  acid. 
Corrosive  sublimate. 
Picric  acid  aud  solutions  contain- 

Tissues  stain  readily  alter  , 

hardening  in  ,  Citric  acid. 

I  Silver  nitrate  (weak  solution). 
L  Alcohol. 

f  Chromic  acid  and  its  compounds. 
Tissues  stain  with  diffi-  |  Osmic  acid  in  solution. 

culty  after  hardening  -j  Silver  niti-ate  (strong  solution). 

I  Chloride  of  gold. 
Perchloride  of  iron. 

Alcohol,  picric  acid  and  its  compounds,  and  nitric  acid,  coagulate 
the  albumen  of  the  tissues.  Chromic  acid,  or  solutions  contamnag 
it  or  its  salts  form  chemical  compounds  with  substances  m  the 
ti'ssues.  Osmic  acid,  mercuric  chloride,  and  gold  are  decomposed 
when  they  come  in  contact  with  the  tissues,  and  are  deposited  in 
the  tissues  as  an  inorganic  precipitate. 


VII.— DBCALCIFYINa  FLUIDS. 

General  Directions.— U  se  small  parts  of  the  tissue  or  organ  and 
a  large  quantity  of  the  decalcifying  solution.  Eenew  the  latter 
often  In  aU  cases  harden  the  tissue  thoroughly,  e.g  m  alcohol 
or  MuUer's  fluid,  before  it  is  decalcified.  After  decalcification  every 
Jrafe  of  the  decalcifying  fluid  must  be  thorougMy  removed  by  pro 
longed  washing  (for  a  day  or  two)  m  water  or  other  fluid.  The 
tissue  is  then  finally  hardened  in  alcohol. 

1  Chromic  Acid.— .i  to  .5  per  cent. 

2.  Chromic  and  Nitric  Acid  Fluid. 

•      •  1  -I  gi-am. 

Chromic  acid     .  •  •  • 

"Water    .  •  •  •  "  '    ~  o 

Nitric  acid        .         •          •          •         •       -  >> 

3.  Chi'omic  Acid  and  Hydrochloric  Acid  Fluid  {Bayerl's  Fluid). 

.  1  .1  part. 

Chromic  acid      .          •         •         '          .       i  ,, 

HCl        •          •         •         ■  100  parts. 

Water     .         •         •          •  " 
This  is  specially  good  for  young  hones  and  for  ossifying  bone, 

n.'VatSilSonyPicric  A0id.-Thc  solution  n,ust  he 
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saturated  and  kept  saturated.  This  is  done  by  keeping  some 
crystals  of  picric  acid  in  tlie  bottom  of  the  bottle.  There  must  be 
a  large  volume  of  fluid,  and  the  bone  should  be  suspended  in  the 
fluid.  It  usually  requires  a  fortnight  to  decalcify  a  small  bone. 
Picric  acid  acts  as  a  fixing,  hardening,  and  staining  reagent. 

After  the  bone  is  decalcified  it  should  be  washed  and  kept  in 
spu'it — not  water — until  no  more  yellow  stain  is  given  up  to  the 
alcohol.    This  rule,  however,  is  not  rigidly  followed. 

5.  V.  Ebner's  Fluid. — This  fluid  prevents  the  ground  substance 
of  bone  from  swelling  up.  Sections  should  be  examined  in  lo  per 
cent,  solution  of  sodic  chloride,  if  it  be  desired  to  see  the  fibrillar 
structure  of  bone,  but  sections  of  bone  softened  in  this  way  may  be 
mounted  in  other  media,  if  it  be  desired  to  see  the  other  details 
in  the  structure  of  bone.  (See  Bone.)  It  has  the  following  com- 
position : — 

Alcohol  .....    500  cc. 

Water  ......    100  ,, 

Sodic  cUoride  .  .  .  .  -2.5  grams. 

Hydrochloric  acid        .  .  ,  .    2.5  cc. 

6.  Picro-Sulphuric  Acid  or  Picro-Nitric  Acid  (p.  31). 

7.  Arsenic  Acid.— I  find  that  a  4  per  cent,  solution  of  this  acid 
rapidly  decalcifies  a  bone  at  30°  to  40°  C.  The  tissues,  after  harden- 
ing in  alcohol,  are  well  preserved  and  stain  readily. 

8.  Chromo-Osmic  Acid  (Haug). 

Osmic  acid  (i  percent.)         .  .  .      10  cc. 

Chromic  acid  ( I  per  cent.)       .  .  •     25  ,, 

Water   .  ,  .  .  .  .     65  '| 

Very  useful  for  delicate  tissues,  e.ff.,  very  young  developing  teeth. 
Wash  in  water  and  harden  in  70  per  cent,  alcohol. 

9.  Phloroglucin  Method.— Dissolve  with  the  aid  of  gentle  heat 
I  gram  of  phloroglucin  in  10  cc.  pure  non-fuming  nitric  acid.  To 
the  red  fluid  add  100  cc.  of  10  per  cent,  watery  solution  of  nitric 
acid.    The  following  mixture  acts  more  slowly  : — 


Phloroglucin 
Nitric  acid 
Alcohol 
Water  . 


I  gram. 
5  cc. 
70  „ 


Phloroglucm  itself  does  not  decalcify,  it  only  protects  the  tissues 
irom  the  action  of  the  nitric  acid.  By  this  method  decalcification 
can  be  done  very  rapidly,  even  in  a  few  hours.  I  find  that  a  portion 
ot  a  human  clavicle  about  an  inch  in  length  is  softened  in  12-16 
hours,  the  outer  surface  being  stained  slightly  red. 

Methods.— The  bone  should  be  cut  into  short  pieces  and  placed 
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in  a  large  volume  of  the  fluid.  If  chromic  acid  be  used,  the  bone 
must  be  first  hardened  in  this  fluid.  Place  it  in  .i  per  cent, 
chromic  acid  for  twenty-four  hours ;  renew  the  fluid,  but  use  .2  per 
cent.,  and  after  a  week  use  .5  per  cent. ;  shake  the  vessel  from  time 
to  time,  to  bring  new  fluid  into  contact  with  the  tissue. 

If  a  more  rapid  process  is  desired,  after  the  bone  has  been  two  or 
three  days  in  dilute  chromic  acid  (.2  per  cent.),  use  the  chromic 
and  nitric  acid  fluid.    Decalcification  requires  about  fourteen  days. 

To  test  for  the  removal  of  all  the  salts,  push  a  needle  into  the 
bone,  or  make  a  section  with  a  blunt  razor.  Obstruction  in  either 
case  denotes  that  the  bone  has  not  been  sufiiciently  decalcified.  In 
most  cases,  the  bony  tissues  should  be  hardened  before  they  are 
decalcified.  This  is  specially  the  case  in  connection  with  bone 
softened  in  chromic  acid.  It  is  better  to  harden  them  first  in 
Miiller's  fluid,  and  then  to  decalcify  them  in  chromic  and  nitric 

acid  fluid  (p.  36). 

Bone  decalcified  in  chromic  acid  must  be  thoroughly  washed  in 
running  water  for  many  hours  to  remove  all  the  chromic  salts,  and 
is  then°transf erred  to  70  per  cent,  spirit  and  kept  in  the  dark,  other- 
wise there  will  be  a  copious  deposit.  Kenew  the  spirit,  and  transfer 
the  tissue  to  strong  alcohol,  still  keeping  it  in  the  dark. 

If  a  bone  is  to  be  softened  in  picric  acid,  it  may  be  placed  at  once 
in  this  fluid,  with  the  precaution  indicated  at  p.  37.  It  need  not 
be  kept  in  the  dark,  but  it  is  better  to  remove  as  much  as  possible 
of  the  yeUow  stain  by  means  of  alcohol.  It  decalcifies  somewhat 
more  slowly  than  chromic  acid. 


VIII— METHOD  OF  PREPARING  TISSUES  AND 
ORGANS  FOR  MICROSCOPICAL  EXAMINA- 
TION. 

As  most  of  the  tissues  require  to  be  hardened,  and  it  is  frequently 
impossible  to  obtain  human  tissues  sufficiently  fresh,  recourse  must 
be  had  to  the  fresh  tissues  of  animals.  As  frequently  as  possible, 
however,  human  tissues  should  be  secured.  Most  of  the  tissues 
may  be  obtained  from  a  cat,  rabbit,  or  guinea-pig,  and  for  certain 
special  purposes  the  dog,  frog,  newt,  and  salamander  are  used. 

The  cat,  rabbit,  or  guinea-pig— or,  better,  all  three-are  kiUed 
bv  chloroform.  The  animals  are  placed  in  an  air-tight  box-a 
lai-e  saucepan  does  very  well-along  with  a  sponge  saturated  with 
chloroform  Small  animals  may  be  chloroformed  under  a  beU-jar 
As  soon  as  the  animal  is  dead,  open  the  thorax  by  a  longitudinal 
^cision  through  the  costal  cartilages-right  and  left-raise  the 
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sternum,  expose  the  pericardium,  open  it,  and  with  a  pair  of  scissors 
make  a  snip  into  the  right  auricle  of  the  heart,  and  allow  the  animal 
to  bleed  freely. 

It  is  best  to  begin  by  removing  the  brain  and  spinal  cord.  They 
are  hardened  in  Miiller's  fluid  or  potassic  bichromate  (2  per  cent.), 
and  must  be  placed  in  a  large  volume  of  fluid.  A  few  spinal 
ganglia  should  also  be  found  and  hardened  in  the  same  way. 

Remove  the  trachea  and  lungs,  and  fill  the  lungs  and  trachea  of 
the  rabbit  with  a  ^  per  cent,  solution  of  chromic  acid. 

This  is  readily  effected  by  tying  a  funnel  into  the  trachea  and 
pouring  in  the  fluid.  By  squeezing  the  lungs  gently  much  air  is 
forced  out,  and  the  fluid  gradually  runs  into  and  distends  the 
lungs,  which,  when  distended,  are  placed  in  a  large  volume  of  the 
same  fluid.  The  chromic  acid  and  spirit  mixture  may  be  used 
instead  of  pure  chromic  acid. 

Fill  the  windpipe  and  lungs  of  the  guinea-pig  with  ^  per  cent, 
silver  nitrate.    (See  Lungs.) 

Remove  the  heart,  and  harden  it  in  alcohol,  after  washing  away 
any  blood  with  normal  saline. 

The  central  tendon  of  the  diaphragm  may  be  preserved  for 
silvering.    (Lesson  IV.) 

The  omentum  and  mesentery,  if  desired,  are  silvered.  (Lesson 
IV.) 

Open  the  abdomen,  remove  the  liver,  cut  it  into  small  pieces  ; 
harden  some  pieces  in  Miiller's  fluid,  and  others  in  spirit. 

Take  out  the  tongue  and  oesophagus ;  harden  them  in  Miiller's 
fluid. 

Open  the  stomach  and  intestine,  wash  away  any  food  residues 
by  means  of  normal  saline.  Harden  part  of  the  stomach — cardiac 
and  pyloric— in  absolute  alcohol,  other  pieces  in  Miiller's  fluid, 
and  others  in  corrosive  sublimate,  and  small  pieces  in  osmic  acid. 
(See  Lesson  on  Stomach  and  Intestine.) 

The  duodenum  and  small  and  large  intestine  are  hardened  in 
the  same  way,  although  the  bichromate  and  chromic  acid  mixture 
(p.  29)  is  particularly  good  for  the  small  intestine. 

The  salivary  glands  and  pancreas  are  removed  and  hardened  by 
the  methods  given  under  these  headings,  i.e.,  small  pieces  arc  placed 
in  each  of  the  following  solutions  :— Absolute  alcohol,  osmic  acid, 
corrosive  sublimate,  &c. 

Remove  the  lower  jaw,  cut  it  into  short  pieces,  place  it  in  .2  per 
cent,  chromic  acid  for  a  few  days,  and  then  decalcify  it  in  chromic 
and  nitric  fluid.    This  will  yield  sections  of  softened  tooth. 

Remove  the  kidneys,  cut  one  longitudinally  and  the  other  trans- 
versely. Using  the  kidneys  of  difierent  animals,  harden  pieces  of 
each  in  the  following  fluids  :— Miiller's  fluid,  chromic  acid  and  spirit, 
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amraonmm  chromate,  and  corrosive  sublimate.  Other  methods  of 
preparing  the  kidney  are  referred  to.    (Lesson  on  Kidney.) 

The  bladder  is  best  hardened  in  chromic  acid  and  spirit  mixture, 
or  in  Miiller's  fluid. 

Harden  the  spleen,  without  cutting  into  it,  in  Miiller's  fluid. 

The  suprarenals  may  be  hardened  in  picro-sulphuric  acid. 
(Lesson  on  Suprarenal  Capsules.) 

Small  lymphatic  glands  from  the  region  of  the  neck  or  sub- 
maxillary region  are  hardened  in  alcohol,  while  others  are  injected 
with  silver  nitrate  and  osmic  acid.    (Lesson  on  Lymphatics.) 

If  desired,  the  large  nerve-trunks  may  be  removed  and  hardened 
as  indicated  in  Lesson  on  Nerves,  or  the  smaller  branches  of  nerves 
may  be  used  for  showing  the  effects  of  the  action  of  certain  reagents 
on  nerve-fibres. 

Remove  some  of  the  long  bones,  leaving  in  each  case  the  peri- 
osteum attached  to  the  bone.  Cut  the  bones  into  pieces  about 
J  inch  long,  and  place  them  for  a  week  in  ^  per  cent,  chromic  acid, 
and  then  decalcify  them  with  picric  acid,  or  chromic  and  nitric 
acid  fluid,  or  Ebner's  fluid.    (Lesson  XIII.) 

In  every  case  decalcify  the  ends  of  the  bones,  so  as  to  have  a 
section  which  will  demonstrate  the  relation  between  the  articular 
cartilage  and  the  osseous  tissue. 

Place  small  pieces  of  striped  muscle  in  ^  per  cent,  chromic  acid, 
and  other  pieces  in  alcohol. 

Nerves,  with  the  precautions  given  in  Lesson  on  Nerves,  are 
hardened  in  osmic  acid,  potassic  bichromate  (2  per  cent.),  alcohol, 
or  picric  acid. 

For  the  methods  of  hardening  the  eye,  ear,  nose,  see  the  Lessons 
on  these  subjects.  .  ^ 

The  testis— very  small  pieces— is  best  hardened  in  Flemmmgs 
mixture,  and  larger  pieces  in  Miiller's  fluid. 

For  the  methods  of  hardening  the  ovary.  Fallopian  tube,  and 
uterus,  see  the  Lessons  on  these  subjects. 

iV.^.— Label  every  bottle,  and  write  on  the  bottle  the  name  of 
the  hardening  fluid  used,  and  the  dates  on  which  it  was  changed. 


I  X.— EMBEDDING. 

This  is  necessary  for  many  tissues ;  the  piece  of  tissue  may  be 
either  too  small  to  be  conveniently  held  in  the  hand,  or  its  parts 
may  tend  to  fall  asunder  before  or  after  they  are  cut.  _ 

There  are  two  methods,  one  simple  embedding,  where  the  tissue 
is  simply  fixed  or  placed  in  another  medium  to  hold  it  while  it  is 
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being  cut,  and  the  other  interstitial  embedding,  where  the  sub- 
stance used  for  the  embedding  process  is  made  to  penetrate  into 
the  interstices  of  the  tissue. 

A.  Simple  Embedding. — 1.  The  tissue  may  be  clamped  between 
two  pieces  of  carrot,  scooped  out  to  receive  it,  or  in  elder  pith,  or 
(what  is  very  convenient)  between  two  pieces  of  amyloid  or  waxy 
liver  hardened  in  alcohol. 

2.  Paraffin.  —  It  is  sometimes  desirable  to  surround  the  tissue 
with  paraiiin  or  some  such  medium.  The  embedding  medium 
should  be  about  the  same  degree  of  hardness  as  the  tissue. 

Two  paraflflns  are  required,  a  hard  paraffin  melting  at  60°  and  a 
soft  one  at  45°  C.    For  use  they  may  be  mixed  as  follows  : — 


{ 


Hard  paraffin       .  .  .  .       i  part 

Soft  paraffin        ...  .1 


II.  j       P^r^ffi'i     •       •       •       •     I  „ 

(.  Soft  paraffin        ....       2  parts. 

Two  parts  of  the  hard  paraffin  and  one  of  the  soft  yield  a  mixture 
which  cuts  well  when  the  temperature  of  the  room  is  21°  C. 
(70°  P.),  but  a  softer  paraffin  is  easily  made  by  mixing  two  parts  of 
the  hard  paraffin  with  one  part  of  chrisma  or  vasehne.  The 
mixture  can  be  made  softer  by  the  addition  of  a  little  more 
vaseline,  and  harder  by  adding  more  paraffin.  The  paraffin 
mixture  is  heated  on  a  water-bath  or  sand-bath  until  it  melts, 
but  _  its  temperature  is  raised  as  little  as  possible  above  its 
melting-point.  It  is  convenient  to  melt  it  in  a  porcelain 
dish  with  a  wooden  handle.  The  tissue  is  removed  from 
alcohol,  the  surplus  alcohol  removed  by  wiping  it  with  blotting- 
paper,  until  the  surface  is  dry.  It  is  then  placed  in  melted  paraffin, 
and  retained  in  it  until  the  paraffin  sohdifies.  The  melted  paraffin 
can  be  rim  into  embedding  boxes  of  paper  (fig.  30),  or  the  embed- 
dmg  L's  may  be  used  (p.  44),  but  this  simple  method  is  now  but 
rarely  used.  It  has  been  almost  entirely  displaced  by  the  following 
method.  ° 
B.  Infiltration  Method  or  Interstitial  Embedding 

1.  Embedding  in  Gum.— The  tissues  after  being  hardened  must 
have  all  their  alcohol  removed  by  prolonged  soaking  in  water. 
Ihey  are  then  transferred  to  gum  mucilage,  or  a  mixture  of  gum  and 
syrup,  in  which  they  can  be  preserved  until  they  are  required  for 
treezmg,  if  freezing  is  to  be  the  process  used  for  cutting  the  sections. 

Tissues  saturated  with  and  embedded  in  gum  mucilage  may  be 
hardened  in  alcohol  and  then  cut.  The  sections  are  placed  in 
water,  which  dissolves  out  the  gum. 

2.  Saturation  with,  or  Infiltration  with,  and  Embedding  in 
Parafiin-Interstitial  Embedding,-In  this  case  the  embedding 
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medium  is  made  to  penetrate  into  the  tissue,  and  when  it  sets,  it  thus 
sup  ports  all  its  component  parts.  This  method  is  extremely  valuable, 
especially  for  brittle  and  friable  tissues,  and  is  largely  used.  More- 
over, the  tissues  once  embedded  can  be  kept  in  a  box,  each  duly 
labelled,  for  any  length  of  time. 

Make  a  mixture  of  two  parts  of  hard  paraffin  and  one  part  of 
soft ;  place  the  mixture  in  a  small  copper  pan  or  capsule  in  a  hot- 
air  oven,  kept  at  a  constant  temperature  by  means  of  a  gas  regu- 
lator.   The  gas  supply  must  be  so  arranged  that  the  thermometer 


FIG.  29.-Mayer's  Pai-affln  Embedding  Bath,  as  made  by  Jung  of  Heidelberg. 

steadily  registers  at  most  i°  C.  above  the  melting-point  of  the 
paraffin  Or  the  paraffin  mav  be  melted  and  kept  melted  m  a 
little  copper  vessel,  placed  in  a  hot-water  bath,  kept  at  a  constant 
temperature,  as  shown  in  fig.  29.  The  temperature  is  kept  con- 
stant by  means  of  a  gas  regulator,  R ;  Z  is  for  filhng  the  instru- 
ment with  water ;  a,  h,  c,  are  embedding  vessels  and  pots. 

The  tissues  to  be  saturated  and  embedded  should  not  be  laige, 
and  they  must  be  thoroughly  dehydi'ated ;  keep  tliem  therefore, 
several  hours  in  absolute  alcohol.  Place  them  direct  mto  tur- 
pentine, creosote,  benzol,  toluol,  or  xylol-some  use  chloroform,  but 
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turpentine,  toluol,  or  xylol  is  to  be  preferred.  The  turpentine  or 
xylol  penetrates  into  the  tissue,  displaces  the  alcohol,  and  makes 
the  tissue  itself  transparent.  If  the  tissue  be  very  small,  this  ■will 
be  done  in  an  hour  or  so ;  if  it  be  larger,  of  course  a  longer  time 
will  be  required.  Thus  the  time  may  vary,  according  to  the  size 
and  nature  of  the  tissue,  from  one  to  six  hours. 

Transfer  the  specimens  from  the  clarifying  medium,  and  place 
them  in  the  melted  paraffin,  where  they  may  remain  2-10  hours, 
according  to  the  size  and  nature  of  the  tissue.  By  the  end  of  that 
time  they  will  be  thoroughly  impregnated  or  saturated  with  the 
paraffin. 

For  delicate  tissues,  however,  it  is  better  not  to  transfer  them 
direct  from  the  clarifying  medium  to  pure  paraffin,  but  to  place 
them  first  of  all  in  a  mixture  of  toluol  and  paraffin,  or  turpentine 
and  paraffin,  for  an  hour  or  two.  In  the  thermostat  at  5o°-55°  C. 
the  toluol  gradually  evaporates,  so  that  nearly  pure  paraffin  remains, 
and  the  saturation  with  paraffin  has  been  accomplished  more 
gradually.  The  object  is  then  finally  placed  in  pure  paraffin  for 
several  hoiu-s. 

Some  prefer  chloroform  as  a  clarifying  agent  and  as  a  solvent  for 
paraffin  instead  of  toluol  or  turpentine.  Objects  transferred  from 
absolute  alcohol  at  first  float  on  the  surface  of  the  chloroform,  but 
as  the  latter  penetrates  them  and  displaces  the  alcohol  they  sink. 
They  are  then  embedded  in  a  chloroform  paraffin  mixture  and 
finally  in  pure  paraffin. 

The  time  (in  hours)  required  for  immersion  in  the  several  fluids 
for  pieces  of  tissue  of  various  sizes  is  approximately  as  follows 
(Bokm  and  Ojpjpel) : — 


Small  Objects 

less  than 
1  mm.  diam. 


Objects 
about  5  mm. 
diam. 


Larger 
Objects  about 
5  mm.  diam. 


Very  large  Objects. 


Absolute  alcohol 


0 


6 


24 


A  longer  time, 
but  at  the  ex- 


Toluol  or  turpentine 


2-3 


J  pense  of  their 
(  quality. 


Objects  are  now  placed  in  the  thermostat  or  bath. 


Toluol  or  turpen- 
tine-paraffin 
Paraffin  . 


1 


2 


3-4 


6 
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The  method  of  interstitial  embedding  is  particularly  useful  for 
tissues  stained  "  in  bulk  "  or  en  masse.  The  tissues  or  organ  may 
be  stained  before  the  process  is  begun,  or  sections  may  be  cut  and 
stained  afterwards. 

To  Stain  "in  bulk"  before  embedding. — Pieces  of  the  tissue  a 
few  millimetres  square  are  placed  in  borax-carmine  or  Kleinen- 
berg's  logwood  for  10-24  or  48  hours,  according  to  the  size  and 
nature  of  the  tissue.  If  they  be  placed  in  borax-carmine,  the  pieces 
are  transferred  to  acid  alcohol  for  24  hours,  and  then  transferred  to 
various  strengths  of  alcohol,  and  finally  to  absolute  alcohol,  by 
which  they  are  completely  dehydrated.  The  tissues  stained  with 
Kleinenberg's  logwood  are  well  washed  in  spirit,  and  transferred 
to  absolute  alcohol  to  be  dehydrated.  These  dehydrated  stamed 
masses  are  then  placed  in  turpentine  or  xylol,  and  then  in  melted 
paraffin,  as  described  above. 

Process  of  Embedding  in  Parafifin. — This  is  the  same  both  for 
the  simple  and  the  saturation  methods.  Use  embedding  L's,  which 
consist  of  two  L-shaped  pieces  of  lead  about  J  inch  high,  the  long 

arm  about  2  inches  long  and  the  short 
one  f  inch.  Their  inner  surfaces  are 
moistened  with  glycerine,  and  the  L's 


themselves  are  placed  on  a  piece  of  glass,  coated  with  glycerme,  to 
enable  the  paraffin  to  separate  easily,  with  the  long  Umb  of  the 
one  in  contact  with  the  short  hmb  of  the  other,  thus  making  a 
rectangular  box,  the  size  of  which  can  be  increased  as  required. 
Fill  the  trough  with  melted  paraffin. 

Take  the  tissue— if  for  simple  embedding— direct  from  alcohol ; 
dry  its  surfaces  with  bibulous  paper,  to  remove  any  alcohol  which 
would  prevent  the  paraffin  from  adhering  to  it;  pour  the  melted 
paraffin  into  the  trough,  transfix  the  tissue  with  a  fine  pin,  phmge 
it  into  the  paraffin  just  when  the  latter  begms  to  set  at  the  edges, 
move  the  tissue  in  the  still  fluid  paraffin  to  one  end  of  the  trough, 
and  hold  it  there  until  the  mass  sets  around  it-  .1 

If  the  tissue  has  been  previously  saturated  with  paraffin,  the 
trough  is  filled  as  before,  and  the  tissue,  saturated  with  paraffin,  is 
taken  by  means  of  a  hot  needle,  from  the  fluid  warm  paraffin,  and 
fixed  in  the  trough  in  the  same  way  as  described  above.  It  is  not 
always  necessary  to  transfix  the  tissue  with  a  pin  or  needle,  but  it 
is  sometimes  convenient  to  do  so.  Insert  the  needle  in  the 
direction  of  the  cutting  plane,  thus  indicating  afterwards  (when 
the  mass  is  set)  the  direction  in  which  the  section  is  to  be  cut.  _  A 
little  paraffin  may  be  poured  into  the  trough  and  when  it  just 
beo^ms  to  set,  the  tissue  is  laid  on  it,  and  another  layer  of  melted 
pamffin  is  poured  over  it  as  soon  as  its  surfaces  are  set.  Place  the 
whole  under  the  tap,  and  allow  cold  water  to  run  over  it  to 
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accelerate  the  cooling,  as  paraffin  cooled  rapidly  is  more  homogeneous 
and  cuts  better  than  when  it  is  cooled  slowly.    In  about  half-an- 
hour  the  paraffin  has  set,  and  can  be  removed  from  the  mould. 
Embedding  Boxes  (fig.  30)  may  be  used.    These  are  readily 


made 


rectangular 


from  a 
piece  of  writing  -  paper 
folded  to  the  size  required. 
The  paper  is  first  folded 
along  the  lines  aa'  and  hV, 
then  along  cc'  and  del', 
always  folding  the  paper 
towards  the  same  side. 
The  diagonals  AA'-DD' 
are  indented  by  means  of 
the  point  of  a  lead  pencil, 
or  the  paper  is  folded 
along  these 


B' 


d' 


a 


—  

\ 

\ 

A 

/  1 

"b"  d 

f 

A  C 

/' 

/ 

1/' 

N  1 

V  1 

V  1 

6' 


a' 


o 

corners 


d 

-Embedding  Box. 


lines.  These 
are  then  bent  up 
between  the  fore-finger  and  thumb,  and  then  bent  round,  so  as  to 
be  applied  to  the  sides  AB  and  CD  of  the  oblong,  and  are  fixed 
there  by  turning  down  the  flaps 
Embedding  in  ParaflBn,— Thef  oUowingscheme  shows  the  stages  :— 

(1.)  Harden,  either  from  the  first  or  subsequent  to  other  agents, 

in  absolute  alcohol. 
(2.)  Xylol  or  turpentine  (24  hours). 
(3.)  In  warm  paraffin  fluid  at  50°  C.  (1-12). 
(4.)  Embed  and  allow  paraffin  to  cool. 

(5.)  Cut  sections,  and  in  some  cases  fix  them  on  slide  with 

a  fixative  (p.  60). 
(6.)  Remove  paraffin  by  turpentine  or  xylol. 
(7.)  Alcohol  to  remove  xylol. 
(8.)  Add  water  and  then  stain,  &c. 

3.  Embedding  in  Celloidin.— This  method  is  specially  valuable 
where  the  parts  of  an  organ  when  cut  into  sections  are  apt  to  fall 
asunder.  It  is  specially  valuable  in  such  as  those  of  the  ovary, 
central  nervous  system,  retina,  &c., 

Celloidin  is  a  form  of  nitro-cellulose  or  pyroxylin,  or  solidified 
coUodion,  and  is  sold  in  two  forms,  one  in  tablets  and  the  other  in 
cuttings.  E.  Schering's  is  the  best,  and  the  form  sold  in  "  cuttings  " 
is  to  be  preferred.  Do  not  let  its  solution  dry,  as  it  is  then  difficult 
to  redissolve  it.  E 

This  method  was  invented  by  Duval,  who  used  collodion,  and 
improved  by  Schiefferdecker.  Prepare  the  solutions  of  celloidin 
by  dissolving  the  latter  in  equal  parts  of  absolute  alcohol  and 
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ether.  The  first,  or  weaker  sokition,  is  made  of  a  thin  consistence 
like  collodion  duplex,  the  other  is  made  stronger,  until  it  has  a  thick 
syrupy  consistence. 

The  hardened  tissue  is  placed  for  some  time  in  absolute  alcohol, 
and  then  for  several  days,  or  until  it  is  completely  saturated,  in  a 
mixture  of  equal  parts  of  absolute  alcohol  and  ether.  After  this  it 
is  placed  in  a  glass-stoppered  bottle  in  the  thin  solution  of  celloidin 
until  it  is  completely  saturated  with  it  (2-3  days).  Transfer  the 
tissue  to  syrupy  celloidin,  and  let  it  remain  there  for  several  days 
until  the  tissue  is  thoroughly  infiltrated  with  celloidin. 

Some  use  three  strengths  of  celloidin  solution  :— 

(1.)  A  tliick  syrux)  consistence. 

(2.)  One  part  of  (1)  diluted  with  2  vols,  of  ether. 

(3.)  One  part  of  (2)  diluted  with  2  vols,  of  ether. 

After  thorough  infiltration  the  tissue  has  to  be  embedded.  For 
this  purpose  make  a  paper  box  (fig.  30) ;  or  use  a  pill-box,  or  embed 
it  on  a  cork,  thus.    Take  a  cork  correspondmg 
to  the  size  of  the  object,  roughen  one  end  of 
it,  and  surround  it  with  a  piece  of  paper 
fastened  by  a  pin  (fig.  31)-     Moisten  the 
roughened  surface  with  absolute  alcohol,  and 
on  ft  place  the  tissue  infiltrated  with  celloidin, 
and  surround  the  latter  with  the  thick  solution 
of  celloidin.    Allow  it  to  stand  until  the  cel- 
loidin begins  to  harden  on  the  surface.  This 
takes  place  in  less  than  an  hour.    Place  the 
box  gr  cork,  as  the  case  may  be,  in  80  per  cent, 
alcohol  for  24-48  hours,  which  hardens  the 
ceUoidin  to  such  a  consistence  that  it  can  be  " 
cut  like  a  stiff  cheese,  but  the  sections  must  be 
cut  with  a  knife  wetted  with  70  per  cent, 
alcohol.    It  is  immaterial  which  microtome  is 
used,  as  long  as  the  knife  is  moistened  with 
not  too  strong  alcohol.    The  sections  may  be  transferred  to  alcohol 
or  water,  and  stained  with  any  suitable  dye     Some  dyes  stam  the 
ceHoidin,  especially  the  aniline  dyes,  and  others  do  not.  _ 

A  s  c  ion  after  being  stained  may  be  mounted  in  glycerine  or 
balTam  but  in  the  latter  case  absolute  alcohol  cannot  be  used  to 
Sydrkte  them,  as  celloidin  is  soluble  in  this  fluid.  Alcohol  95 
per  cent  )  must  therefore  be  used  for  this  purpose  Moreover,  the 
per  cent.;  m  ,  .^^  .  origanum  or  bergamot  oil— not  by  oil 
:?Ss  whi^^^^^^^^^  action  on  the  ceUoidin-and  mounted 

n-Ti  bnlsam     (See  also  Clarifying  Reagents.) 

ObiS  embedded  in  celloidin  may  be  kept  ready  for  cutting  for 
an  indefinite  time  in  75-8°  P^r  cent,  alcohol. 


Fig.  31.  —  Embedding 
Paper  Box  with 
Weight  for  Cel- 
loidin wth  a  lead 
"  Sinker." 
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In  cutting  sections  embedded  in  celloidin,  the  knife  must  be  so 
placed  as  to  cut  with  as  much  of  the  blade  as  possible.  The 
hardened  celloidin  is  fixed  to  a  piece  of  cork,  which  is  clamped  in 
the  microtome. 

If,  however,  it  be  desired  to  cut  sections  embedded  in  celloidin 
by  the  freezing  method,  the  following  procedure  must  be  adopted. 
After  the  tissue  embedded  in  celloidin  has  been  hardened  in  alcohol, 
whereby  it  becomes  not  only  "  hardened  "  but  somewhat  milky  in 
appearance,  the  alcohol  must  be  got  rid  of,  which  is  done  by 
keeping  it  in  running  water  for  twenty-four  Jiours,  when  it  is 
transferred  to  a  freezing  mixture  of  gum  and  syrup  (p.  49).  This 
freezing  fluid  gradually  penetrates  the  cheesy-hke  mass,  and  dis- 
places the  water.  Such  a  preparation  can  be  frozen  in  an  ordinary 
microtome. 

For  embedding  and  cutting  in  celloidin,  the  following  are  the 


stages : — 


(1.)  Organ  hardened,  either  at  first  or  subsequently,  in  absolute 
alcohol. 

(2.)  Then  in  a  mixture  of  equal  parts  of  absolute  alcohol  and 

ether  (1-2  days). 
(3.)  In  dilute  celloidin  mixture  (1-5  days). 
(4.)  In  thick  celloidin  mixture  (1-5  days). 
(5.)  Object  placed  on  cork  and  exposed  to  air  to  dry. 
(6.)  Then  in  80  per  cent,  spirit  (i  day). 
(7.)  Cut  sections. 
(8.)  Stain  and  wash  them. 

(9.)  Dehydrate  them  in  96  per  cent,  alcohol  (and  perhaps  1-2 
minutes  in  absolute  alcohol). 
(10.)  Clarify  with  origanum  oil,  xylol,  cedar  orbergamot  oil 
(11.)  Mount  in  balsam. 

Suppose  a  piece  of  the  human  spinal  cord  is  to  be  embedded  in 
ceUoidm.  After  being  hardened  properly  it  is  transferred  from 
absolute  alcohol  to  ether,  for  not  more  than  twenty-four  hours  It 
IS  then  placed  for  6-8  days  in  solution  of  celloidin  (3),  in  solution 
(2)  tour  or  five  days  and  m  solution  (1)  two  or  three  days  It  is 
then  embedded  in  celloidin  as  described  above,  and  when  it  bec^iias 
to  harden  by  evaporation  of  the  ether  and  alcohol  it  is  transferred  ■ 
to  80  per  cent  alcohol  for  three  or  four  days,  which  finally  hardens 
It,  but  it  must  be  completely  covered  with  spirit.  If  it  is  to  be 
preserved  for  some  time  before  it  is  cut,  keep  it  in  70  per  cent 

Sections  of  an  organ  embedded  in  celloidin  may  also  be  clarified 

xvlJw^f  r°'°*''°'  I  P'^rfcof  creosote  and  3  of 

xylol,  which,  however,  must  be  quite  water-free. 
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Scheme  for  Infiltration  and  Embedding  (Bohm  and  Oppel). 
90  per  cent,  alcohol. 


Staining  in  bulk,  e.g.,  borax  carmine  or  lieematoxylin, 
and  washing  out  the  surplus  stain. 


Absolute  alcohol. 


Toluol  or  turpentine. 


Toluol  or  turpentine-paraffin, 


Paraffin. 


Embedding. 


o 

o 


Ether. 


Celloidin  solution,  No.  3. 


Celloidin  solution,  No.  2. 


Celloidin  solution,  No.  i. 


Embedding. 


80  per  cent  alcohol. 


Object  ready  to  be  cut  into  sections. 


X.— SECTION  CUTTING. 
1  With  a  Razor.-It  is  absolutely  essential  to  have  a  sharp 
razor  if  sectLs  are  to  be  cut  by  hand,  and  it  is  well  that  the 
student  should  P^f^^^f  ^^^^^^^^^^^  90  per  cent,  alcohol,  and 

l^Mwth  the^^^^^^^^^         so  that  its  blade  is  horkontal  its 
rdg°'2KVe  operator,  whose  flngers  are  pressed  agarnst  the 
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back  of  the  blade,  the  back  of  the  hand  being  directed  upwards. 
The  razor  is  made  to  glide  through  the  tissue,  cutting  as  thin 
sections  as  possible,  which  are  placed  in  alcohol.  The  tissue  to  be 
cut  may  be  embedded  in  any  of  the  ways  already  described,  and  it 
is  held  in  the  left  hand  while  being  cut. 

A  razor  ought  to  be  sharp  and  free  from  notches  in  its  cuttino- 
edge.  A  razor  with  notches  in  its  edge  causes  striated  bands  in 
the  section.  Notches  can  readily  be  detected  by  drawing  the  razor 
across  one's  nail  or  over  a  piece  of  cardboard.  In  sharpening  the 
razor  use  a  soft  hone  moistened  with  water,  then  lay  the  razor  flat 
on  the  hone  and  draw  it  diagonally  from  heel  to  point,  with  the 
edge  forwards. 

The  razor  must  be  frequently  stropped  to  keep  it  sharp,  and  it 
should  not  be  hollow-ground ;  it  is  better  to  be  flat  on  one  side 

2.  Valentin's  Knife  (fig.  32)  consists  of  two  parallel  blades, 
which  can  be  placed  at  a  greater  or  less  distance  from  each  other  by 


Flo.  32.— Valentin's  Knife. 


means  of  the  screw  (a).  The  blades  are  first  set  apart  at  the 
required  distance;  the  thickness  of  the  section  depends  on  the 
distance  between  them.  The  knife  was  fortnerly  much  used  by 
pathologists  for  makmg  sections  of  fresh  organs.    It  is  now  rarely 

3.  Microtomes.-For  many  purposes  some  form  of  freezing, 
microtome  will  be  found  most  convenient  for  teaching  pu^posS" 

pensi:  "'^'""^  -dl: 

Preparation  of  Hardened  Tissues  for  Cutting  by  Freezing 

^  order  to  secure  the  full  advantages  of  cutting  fections  TSeZ 
mg,  the  tissues  must  be  previously  soaked  in  and  saturatpd 
proper  "freezing  fluids."    If  the  tissues  be  kept  in  alcohol 
remove  aU  the  alcohol  by  soaking  them  for  twenty  four  hours  t 
running  water.    After  this  the  tissue  is  soaked  in  gum  muXe 
or,  what  IS  preferable,  a  mixture  of  gum  and  svrim     T1  ^  w 
receipt  is  that  of  Hamilton  ^   P'    ^^''^  ^"^^ 


D 
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Freezing  Fluid. 


Take  of  the  syrup 
„       „  mucilage 
,,  water 


4  parts. 

5 

9 


Boil  and  saturate  while  hot  with  boracic  acid.    Filter  through 

The  "tissues  are  soaked  for  twenty-four  hours  or  longer  in  this 
fluid,  i.e.,  after  removal  of  all  alcohol  from  them.  The  longer  they 
are  kept  in  it  the  better  ;  in  fact,  tissues  may  be  kept  permanently 
readv  for  freezing  in  this  fluid.  ,     -r^  t  „ 

Eutherford's  Ice-Freezing  Microtome  (fig.  33)-By  ^^^^^  ° 
finely-graduated  screw  a  brass  plug  can  be  raised  or  lowered  mside 


KG.  33.-Eutherford'B  Freezing  Microtome  adapted  for  Freezing  mth  Ether. 


V  Aa.     At  the  toiD  of  this  cylinder  is  a  stage  or  plate  (B). 
a  brass  cylinder.    At  tne  i;op  oi  tui&  j  .  •  ^s  to 

The  plug  has  a  small  ^^^'^^f'^'^ll^'^^^^^^  (K). 
catch  the  frozen  mass,  and  P^^^J^y.^^/  X'otome  devised  by  the 
Practically  this  is  the  amngement  of  t^^^^^Xnuseum  of  the 
late  A.  B.  Stirling^  ':^'\:\^\r^iZ.r.^  Professor  Ruther- 
ffl  —  the  upper  part  of  the 
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brass  cylinder  or  well.  This  box  is  provided  with  an  exit-tube 
(H),  to  allow  the  water  resulting  from  the  melting  of  the  ice  to 
escape.  The  size  of  the  cylinder  varies  from  1-2  inches  in 
diameter,  but  for  most  purposes  one  with  a  diameter  of  i  inch  will 
be  found  sufficient.  The  ice-box  is  covered  on  the  outside  with  a 
thick  layer  of  gutta-percha.  Professor  Hamilton,  of  Aberdeen,  first 
suggested  the  addition  of  a  glass  top  to  be  screwed  upon  the  plate 
of  the  instrument. 

Ey  far  the  most  convenient  cutting  tool  for  use  with  this  micro- 
tome is  an  ordinary  planing-iron  fitted  with  a  handle,  as  recommended 
by  Delepme  (fig.  35). 

Above  all,  the  tissue  must  have  been  properly  hardened,  and 
previously  steeped  in  a  freezing  fluid,  either  gum  mucilage  or  gum 
and  syrup,  after  removal  of  all  alcohol  from  it  (p.  50). 

In  using  this  instrument,  screw  the  plug  down  to  the  necessary 
depth,  thus  making  a  well  of  the  required  depth — at  least  half  the 
depth  of  the  cylinder — and  into  the  well  drop  a  few  drops  of 
glycerine,  or  put  a  little  lard  round  the  line  of  contact  of  the  plug 
and  the  cylinder.  This  is  to  prevent  any  of  the  fluid  passing  down 
between  the  plug  and  the  cylinder. 

Fill  the  ice-box  with  a  mixture  of  pounded  ice  and  salt,  and 
pack  it  well  around  the  central  brass  cylinder.  Keep  a  cork  in 
the  exit  tube  H,  and  only  allow  the  fluid  to  flow  away  when  it 
accumulates  in  large  amount.  In  a  short  time  the  temperature  of 
the  plug  is  greatly  reduced.  Pour  into  the  well  a  little  mucilage 
(BP),  sufficient  to  form  a  layer  about  |  inch  thick,  and  allow  this 
to  freeze.  The  piece  of  tissue  taken  from  the  freezing  mixture  is 
lifted  with  a  pair  of  forceps,  and  put  into  the  well,  so  that  it 
touches  and  adheres  to  that  part  of  the  well  farthest  away  from  the 
operator. 

When  the  tissue  is  fixed,  fill  up  the  well  with  mucilage  and 
cover  it  with  a  piece  of  sheet  india-rubber,  and  keep  the  latter 
in  position  by  a  weight.  This  is  to  prevent  the  entrance  of  the 
ireezmg  mixture  into  the  well. 

Supposing  the  tissue  to  be  frozen,  the  operator  seizes  the 
e  evatmg  screw  P  with  his  left  hand,  and  in  his  right  holds  the 
planing  iron,  which  is  fixed  in  a  wooden  handle.  With  the  left 
Hand  the  operator  turns  the  screw,  i.e.,  elevates  the  tissue,  while  as 
rapidly  as  he  chooses  with  his  right  hand  the  planing  iron,  firmly 
pressed  on  the  glass  plate  at  (about)  an  angle  of  45°,  is  pushed 
rapidly  forwards  and  drawn  backwards,  and  in  a  few  seconds 
twenty  or  thirty  sections  accumulate  on  the  upper  surface  of  the 
pianing  iron.  By  means  of  a  large  camel's-hair  brush  they  are 
S  7i!  ^^y^""  quantity  of  water,  whereby  the  gum  contained 
within  them  is  dissolved  and  the  sections  themselves  uncurl.  One 
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cannot  cut  all  tissues  with  equal  rapidity.  In  the  case  of  many 
tissues  and  organs  (as  elastic  tissue,  lung,  kidney,  &c.)  after  they 
are  completely  frozen,  a  quarter  of  an  hour  will  suffice,  if  a  plamng 
iron  be  employed,  to  cut  more  than  a  thousand  sections,  ihis, 
however,  cannot  be  done  with  sections  of  the  cerebrum,  cerebellum, 
spinal  cord    With  these  and  with  some  other  organs  it  is 


or 


better  to  cut  each  section  singly. 


riG.  34.— Cathcart's  Freezing  Mcrotome. 


If  one  has  several  tissues  to  cut,  the  one  tissue  can  be  embedded 
above  the  other  in  the  instrument  at  the  same  time. 

This  instrument,  however,  has  other  advantages,  as  it  can  be 
used  also  as  an  ether-freezing  microtome.  Place  the  tissue 
p  eviously  saturated  with  the  freezing  fluid,  upon  the  zmc  plate 
Z  and  cover  it  with  mucilage.  By  means  of  '-^^^^  ^th^r-spray 
Iducer  N,  direct  a  spray  of  anhydrous  ether  from  the  bottle  O 
ncrainst  the  under  surface  of  the  zmc  plate  Zr.  .  .  , 

^In  order  to  economise  ether,  any  non-volatihsed  is  collected 
and  returned  by  the  tube  T  to  the  bottle  0. 
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In  using  the  instrument  in  this  way,  however,  the  piece  of  tissue 
must  be  thin,  not  more  than  5-7  mm.  in  thickness,  or  thereby. 

Cathcart's  Freezing  Microtome  (fig.  34).— The  instrument  is 
screwed  to  a  table  by  means  of  a  clamp  (C).  Fix  by  means  of  gum 
the  tissue  to  be  frozen,  not  more  than  i  cm.  thick,  upon  the  zinc 
plate.  Fill  the  bottle  with  ether  and  put  the  spray  apparatus 
under  the  zinc  plate.  Work  the  spray  apparatus  imtil  the  mucilage 
and  tissue  are  frozen. 

Sections  are  cut  by  means  of  a  flat  knife  pushed  along  on  the 
glass  supports  (GG), 
the  tissue  being 
raised  by  the  large 
milled  head  placed 
underneath  (M). 

The  sections  are 
removed  from  the 
knife  by  means  of 
a  camel's-hair  pen- 
cil, and  placed  iii 
water, 

-^ig-  35  shows 
Cathcart's  micro- 
tome clamped  to  a 
table,  and  the 
method  of  cutting 
sections  by  means 
of  a  planing  iron. 
The  planing  iron  is 
used  in  exactly  the 
same  way  as  for  Rutherford's  microtome. 

Eoys  Microtome  (Freezing),  Modified  by  Malassez  (fie  ,6)  _ 
Sni  r  7'"*      '""^''"^'^y  convenient,  the  cutting  n^trument 

on  S  the  t^  V'^T*''^  'S'^^f  under  surface  of  the  plate 
rapSi^thJn^^^^^^^^^  '''''''     P^'^^^^'  --h  Lre 

pu?p''os?'fhp  1^°"^  Series  of  Sections  in  Paraffin._For  this 

STfic  InstZ  f^p"''"'^'^^'^'  ^^^S-  37)  of  the  Cambridge 
useful       -^^^t^^^^^^^t  Company,  or  Minot's  microtome,  is  most 

pos^tTon'^^and  fix  Z 1"  T^^i  "^"^^  ''^^  '  P'^^       -^^^  in 

the  horLontl         Z      f  ^^'^  ^'^'^  on 

bedden^le                   ^  'A  '''^P'          ^^s  adherent  em- 

ea  lusue,  forwards,  until  it  touches  the  knife-edge.  The 


Fig.  35.— Shelving  how  to  use  a  Planing  Iron  for 
Cutting  Sections. 
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horizontal  bar  has  an  axle  which  moves  in  a  V-shaped  pivot.  At 


ma  36.-Malassez's  Modification  of  Boy's  Microtome  for  Freezing. 

the  end  of  Ihe  instrument  is  a  knobbed  bar,  which  depresses  and 


raises 


riG.  37.-Cambridge  Kocking  jricrotome. 

the  horizontal  bar,  and  at  the  same  time  moves  a  toothed 
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wheel,  which  is  pushed  round  by  a  small  catch,  whereby  the  bar 
bearing  the  pivot  is  raised.  At  the  same  time  the  embedded  tissue 
in  paraffin  on  the  horizontal  bar  is  brought  down  into  contact  with 
the  edge  of  the  razor. 

The  piece  of  paraffin  should  have  its  sides  squared,  and  the  two 
faces  looking  upwards  and  downwards  should  be  coated  with  soft 
paraffin,  i.e.,  with  a  low  melting-point  (48°  C).  This  is  to  enable 
the  one  section  to  adhere  to  the  other.  On  working  the  instru- 
ment, the  sections  come  off  in  "  chains "  or  ribbons,  and  can  be 
caught  upon  a  plate  of  glass.  If  the  sections  tend  to  curl  up,  they 
may  be  "  flattened  "  by  being  placed  in  not  too  warm  water. 

Minot's  Microtome. — In  this  microtome,  which  is  one  of  the 
best  microtomes  yet  invented  for  embedded  tissues,  as  shown  in  fig. 
38,  the  knife  is  fiked  while  the  embedded  tissue — in  paraflSn — fixed 


Fig.  38.— iMiuot's  Microtome. 


to  a  circular  disc,  is  moved  vertically  upwards  and  downwards  by 
means  of  a  wheel.  The  embedded  tissue  is  fixed  to  a  disc  which 
can  be  moved  around  three  axes,  and  thus  the  tissue  can  be  cut  in 
any  desired  plane.  The  thickness  of  the  sections  is  regulated  by  a 
special  toothed-wheel  mechanism,  which  is  so  arranged  that  sections 
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can  be  cut  varying  from  -g^,  t^,  tt.  utt>  -bt;  Instead 
of  the  knife  supplied  with  the  apparatus,  a  razor  may  be  used. 

The  sections  can  be  received  on 
a  silk  ribbon,  as  shown  in  fig.  39. 
This  is  clamped  to  the  apparatus. 
The  sections  are  received  on  the 
i  ribbon,  which  is  rotated  by  means 
of  a  milled  head. 

Jung's  or  Thoma's  Microtome. 
— In  this  instrument  the  tissue  to 
be  cut  is  fixed  in  a  clamp,  the 
knife  is  fixed  in  another  heavy 
clamp  which  moves  on  planed  sur- 
faces. After  each  section  the 
tissue  is  pushed  up  an  inclined 
plane  by  means  of  the  milled  head 
on  the  extreme  right  of  the  figure 

(fig.  40)! 

Malassez's  Modification  of 
Roy's  Microtome  (fig.  41). — Some- 
times it  is  desired  to  cut  sections 
of  a  tissue  while  it  is  under  fluid, 
e.g.,  alcohol.  This  can  be  done  as 
shown  in  fig.  41. 
The  microtome  is  made  to  move  on  its  base,  and  can  be  placed 


Fig.  39.— Silk  Band  for  Catching  the  Chain 
of  Serial  Sections  made  by  Minot's 
Microtome. 


IIG,  40.— Thoma's  Sledge  iUcrotorae,  as  made  by  Jung. 

vertically  in  such  a  way  that  the  razor  and  the  piece  of  tissue  to  be 
cut  come  to  lie  in  a  vessel  fiUed  with  alcohol. 
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Williams'  Freezing  Microtome  (fig.  42).— This  consists  of  a 
wooden,  non-conducting  tub  for  holding  the  freezing  mixture. 
Vertically  in  the  centre  of  this  rises  a  brass  cylinder,  into  whose 
upper  end  the  roughened  brass  plate  on  which  the  tissue  is  frozen 
can  be  screwed.    The  lid  of  the  box  is  formed  by  a  glass  plate  fatted 


Fig.  43.— Swift's  Ether-Freezing  Microtome. 


into  a  framework  or  kind  of  cap  for  the  tub.  In  the  centre  of  the 
glass  plate  is  a  circular  hole  into  Avhich  the  freezing-plate  projects. 
In  this  instrument  the  tissue  remains  fixed,  while  the  knife  or  blade 
is  depressed  by  the  movement  of  a  screw.  _  The  knife  or  razor  is  fixed 
in  a  brass  tripod  frame-work  or  knife-carrier. 
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In  using  the  instrument,  fill  the  tube  with  the  freezing  mixture 
of  ice  and  salt,  and  when  the  central  brass  pillar  becomes  sufficiently 
cooled,  pour  on  it  a  little  mucilage,  and  when  this  is  frozen  place  on 
it  the  tissue,  which  must  not  be  more  than  i  cm.  in  thickness,  and 
pencil  some  mucilage  on  it.  When  it  is  solid,  the  knife  in  the 
tripod  is  used  to  cut  the  sections ;  and  as  the  front  leg  of  the  tripod 
consists  of  a  screw,  this  is  turned,  and  thus  the  cutting  edge  is 
brought  to  touch  the  tissue. 

Swift's  Freezing  Microtome  (fig.  43), — A  modification  of  the 
previous  instrument  is  shown  in  fig.  43,  which  is  adapted  for  freezing 
with  ether. 

Hand-Microtome  (fig.  44). — When  onlya  few  sections  are  required, 
this  instrument,  invented  by  Kanvier,  is  extremely  convenient.  The 


tissue  is  embedded  in  the  well  of  the  instrument  in  paraffin  or  elder 
pith,  and  sections  made  by  means  of  a  razor,  as  shown  in  the  figure. 
The  tissue  is  gradually  raised  by  means  of  the  milled  head.. 

Section-Flatteners.— Sometimes  the  sections  saturated  with 
paraffin  when  cut  exhibit  a  great  tendency  to  curl  up.  This  can 
partly  be  avoided  by  pressing  the  section  as  it  is  cut  gently  against 
the  knife,  by  means  of  a  camel's-hair  brush.  Several  section- 
flatteners  attached  to  the  cutting-knife  have  been  used  for  this 
purpose.  Take  a  wire  i  mm.  in  diameter,  heat  it  in  a  flame,  and 
bend  it  twice  at  right  angles,  the  distance  between  the  angles  being 
about  an  inch.  The  free  ends  are  then  bent  round  in  the  form  of 
a  hook.  These  hooks  serve  to  fix  the  frame  on  the  back  of  the 
razor,  forming,  as  it  were,  a  spring-clip.  The  part  of  the  wire 
between  the  right  angles  is  so  arranged  that  it  lies  parallel  to,  and 
about  one-hundredth  of  an  inch  from,  the  edge  of  the  knife.  In 


Fig.  44.— Kanvier's  Hand-Microtome. 
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cutting,  the  section  has  to  pass  between  the  spring  and  the  knife, 
and  is  thus  largely  prevented  from  curling  up. 

Curled-up  paraffin  sections  may  be  made  to  uncurl  by  being 
placed  in  water  at  about  40°  C.  (Gaskell). 

Cutting  a  Continuous  Series  of  Sections  in  Celloidin. — The 
tissue,  embedded  in  celloidin,  is  clamped  in  a  microtome,  e.g.,  that 
of  Jung,  and  section  after  section  is  made.  The  knife  must  pass  at 
an  acute  angle  through  the  celloidin,  and  must  be  moistened  with 
80  per  cent,  alcohol.  This  is  easily  effected  from  a  wash-bottle. 
Schanze  of  Leipzig  supplies  such  a  bottle  provided  with  a  valve, 
which  facilitates  the  outflow  of  a  gentle  stream  of  alcohol  upon  the 
cutting  blade.  Weigert's  method  of  arranging  and  fixing  the 
sections  on  a  slide  is  the  best.  Each  section  in  celloidin  as  it  is  made 
is  laid  upon  a  narrow  strip  of  curl-paper  by  means  of  a  camel's-hair 
pencil.  The  curl-paper  is  kept  moist  by  being  placed  on  a  plate 
covered  with  blotting-paper  well  moistened  with  80  per  cent,  alcohol. 
The  sections  are  laid  upon  the  curl-paper  in  the  order  desired._ 

A  slide  is  coated  with  a  layer  of  thin  collodion,  and  when  it  is  dry, 
the  celloidin  sections  on  the  curl-paper  are  transferred  to  it.  This 
is  done  by  lifting  up  the  curl-paper,  and  placing  it,  sections  lower- 
most, upon  the  coating  of  collodion  on  the  slide.  Press  on  the 
whole  with  a  piece  of  dry  blotting-paper.  The  sections  adhere  to 
the  slide,  and  the  curl-paper  is  removed.  Dry  the  sections  with 
blotting-paper,  and  pour  over  them  a  layer  of  thin  collodion.  _  They 
are  now  permanently  fixed,  and  can  be  stained  on  the  sUde  in  any 
way  that  may  be  desired.  This  is  an  extremely  convenient  method 
for  serial  sections  of  the  central  nervous  system. 


XI.— FIXATIVES  AND  SUBSEQUENT  TREATMENT 

OP  SECTIONS. 

Further  Treatment  of  Sections. 

Tbis  depends  on  how  the  sections  have  been  made,  and  whether 
they  have  or  have  not  been  previously  stained.  Paraffin  sections 
must  be  freed  from  paraffin.  If  they  are  unstained,  they  must  be 
stained.  In  most  cases  it  is  found  advantageous  to  fix  paraffin 
sections  to  the  slide  by  means  of  a  "fixative."  Many  sections  can 
thus  be  fixed  on  one  slide,  and  treated  simultaneously.  The  series 
of  events  will  then  be  for  unstained  paraffin  sections  :— 

(1.)  Fixation  on  a  slide. 
(2.)  Eemoval  of  paraffin. 
(3.)  Staining  the  section. 
(4.)  INIounting  the  specimen. 
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_  To  Fix  ParafiBn  Sections  on  a  Slide.  There  are  several  "fixa- 
tives" for  serial  sections,  but  the  following  will  be  found  the 
most  useful. 

(1.)  Collodion  and  Clove-Oil.— Mix  one  part  of  collodion  with 
three  parts  of  clove-oil.  By  means  of  a  brush  paint  a  thin  layer  on 
a  slide,  and  on  it  place  the  sections.  Heat  gently  over  the  flame  of 
a  lamp,  to  fix  them  firmly  and  drive  off  the  clove-oil. 

(2.)  Albumen  and  Glycerine  {P.  Mai/ei-y—Mix  filtered  fresh 
white  of  egg  with  an  equal  volume  of  glycerine,  add  a  little  car- 
bolic acid  or  morsel  of  thymol  to  prevent  putrefaction.  White 
of  egg  filters  very  slowly.  A  very  thin  layer  is  painted  on  the 
slide,  and  made  smooth  by  means  of  a  clean  glass  rod,  which  is 
thus  prepared  to  receive  the  sections.  The  sections  are  flattened 
on  the  albuminised  surface  by  means  of  a  fine  brush,  care  beino- 
taken  that  no  air-bubbles  remain  under  the  sections.  Warm  the 
slide  to  a  temperature  just  sufiicient  to  coagulate  the  albumen 
(70°  C).  This  may  also  be  done  by  holding  the  slide  for  a  few 
seconds  over  a  jet  of  steam. 

Such  substances  as  acids  and  alkalies  which  dissolve  the 
albumen  must  not  be  applied  to  the  sections,  nor  must  the  sections 
be  stained  with  such  substances  as  picrocarmine,  which  also 
dissolve  the  albumen. 

(3.)  Method  of  Gaule.— This  method  depends  on  capiUary  attrac- 
tion. The  slide  is  moistened .  with  water  or  weak  spirit,  and  on 
this  the  paraffin  sections  are  carefully  spread  out.  The  surplus 
spirit  or  water  is  removed  by  blotting-paper,  and  the  slide  placed 
in  a  thermostat  at  50°  C.  for  twenty-four  hours.  Sections  so  dried 
are  heated  for  a  moment  above  the  melting-point  of  the  paraffin 
and  are  then  firmly  fixed  on  the  slide.  ' 

To  Eemove  Paraffin  from  the  Sections.-Sections  of  tissues 
soaked  and  embedded  in  paraffin  and  fixed  on  a  slide  are  placed  in 
turpentine,  toluol,  or  xylol.  The  extraction  of  the  paraffin  requires 
some  time  and  takes  place  more  rapidly  when  the  temperature  is 
raised.  The  slides  may  be  fitted  into  a  zinc  framework  and 
lowered  into  a  bath  of  turpentine  or  toluol.  Clove-oil  must  not  be 
used  if  collodion  and  clove-oil  have  been  used  as  a  fixative  In 

h^t^^V^'^'  1"^'  previously  stained  in  bulk, 

before  it  was  embedded,  drive  away  the  tm-pentine  with  xylol  o^ 
clove-oil,  and  mount  the  section  in  balsam. 

rl,-5i  ^  «'^«tions  are  from  an  unstained  tissue,  after 

d  ssolving  out  the  paraffin  with  turpentine,  the  latter  must  be 

M  l  ''•"^        sMes  are  passed  through 

alcohols  of  various  strengths  and  then  into  water,  i.e.,  provided  the 
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sections  are  to  be  stained  in  a  watery  solution  of  a  dye.  The 
sections  are  then  coloured  in  situ  on  the  slide.  If  the  sections  are 
to  be  mounted  in  balsam,  they  must  go  through  the  same  process  in 
the  reverse  order,  viz.,  increasing  strengths  of  alcohol — a  clarifying 
agent,  clove-oil,  or  xylol — and  finally  they  are  mounted  in  balsam. 


Scheme  for  the  Further  Treatinent  of  Paraffin  Sections. 
Paraffin  section. 


Fixation  on  slide. 


Toluol  or  turpentine. 


Absolute  alcohol. 

Staining,  if  not  previously  stained. 
Wash  to  remove  surplus  stain. 

Absolute  alcohol. 


Clove  oil. 


Toluol  or  turpentine. 


Balsam. 
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XII— STAINING  REAGENTS. 

Staining. — This  process  depends  on  the  fact  that  different  tissues, 
or  different  parts  of  the  same  tissue,  have  an  affinity  for  certain  dyes, 
and  not  for  others.  Thus  some  dyes  stain  only  the  nuclei,  others 
however  may  cause  a  uniform  stain,  all  the  tissues  heing  of  the  same 
colour.  By  using  some  decolorising  reagent,  it  is  possible  to  remove 
the  stain  from  certain  parts  of  the  preparation,  leaving  other  parts 
stained. 

A  thin  section  of  a  tissue  or  an  organ,  as  a  rule,  when  examined 
shows  but  httle  differentiation  of  its  several  parts.  Only  in  cases 
where  pigment  is  naturally  present  is  this  difference  very  marked. 
Some  substances  when  applied  to  the  section  stain  one  part  and 
leave  other  parts  unaffected,  thus  enabling  one  to  differentiate  more 
easily  the  several  parts  of  a  section. 

Those  substances  which  stain  the  nuclei  chiefly  have  been  called 
nuclear  stains.  The  section  is  placed  in  a  weak  solution  of  the  dye, 
e.g.,  hsematoxylin ;  and  after  it  seems  to  be  sufficiently  stained,  the 
surplus  dye  is  removed  by  thoroughly  washing  the  section  in  water 
or  alcohol,  a  part  of  the  dye  remaining  united  with  the  chromatin  of 
the  nucleus  and  colouring  the  latter.  Such  stains  may  also  colour 
to  a  less  degree  some  other  parts  of  the  section.  Amongst  nuclear 
stains  are  carmine,  hsematoxylin,  and  some  of  the  aniline  colours. 

"When  a  section  is  stained,  it  is  called  Section  Staining,  but  the 
tissue  may  be  stained  in  bulk  before  the  sections  are  made  (p.  44) 
— staining  in  bulk. 

A.  Carmine  and  its  Compounds. 

Carmine.— In  order  to  obtain  a  strong  solution  of  this  dye, 
certain  ^  solvents  require  to  be  employed.  It  is  readily  soluble  in 
ammonia,  yielding  an  ammoniacal  solution,  which  may  be  made 
strong  or  weak.  The  ammoniacal  solution  may  be  diluted  to  any 
extent  required  with  water,  and  practically  the  best  results  are 
obtamed  by  allowing  sections  to  remain  for  a  long  time  (24-48 
hours)  in  a  weak  solution. 

1.  Strong  Ammoniacal  Carmine  Solution,— Rub  up  in  a  mortar 
2  grams  of  pure  carmine  with  a  few  drops  of  water,  add  5  cc.  of 
strong  liquor  ammonise,  mix  thoroughly,  and  add  100  cc.  of  water. 
Place  the  whole  m  a  bottle,  and  after  a  day  or  so  any  undissolved 
carmme  IS  filtered  off  and  the  clear  fluid  kept  as  a  stock  solution, 
ihis  solution  may  be  diluted  to  any  required  extent.  If  it  smell 
strongly  of  ammonia,  the  excess  of  ammonia  must  be  allowed  to 
evaporate.  When  the  solution  becomes  neutral  it  is  very  liable 
to  undergo  putrefaction,  but  this  may  be  avoided  by  placing  a 
small  piece  of  thymol  in  it  to  preserve  it  j  i       o  . 
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2.  Frey's  Carmine. — Ordinary  carmine  has  two  drawbacks  :  it 
is  apt  to  undergo  putrefaction,  and  as  the  ammonia  escapes  the 
carmine  is  precipitated. 

Carmine  0.3  gram. 

Distilled  water  .         .  .         •         .     30  cc. 

Dissolve  the  carmine  in  the  water,  adding  ammonia  drop  by  drop 
until  solution  is  complete.    Then  add — 

Glycerine  .  .  •  •  .     30  cc. 

Alcohol  .  •  •         •         .      4  >) 

and  shake  the  mixture.  Keep  it  in  a  stoppered  bottle.  It  has 
no  advantage,  as  far  as  coloration  is  concerned,  over  ordinary 
carmine,  but  it  can  be  kept  for  a  long  time  unchanged. 

3,  Alcoholic  Borax  Carmine  (Grenacher). 

Carmine  3  grams. 

Borax    .         .          •          •          •          •       4  n 
Water  1°° 

Dissolve  the  borax  in  the  water  and  add  the  carmine,  which  is 
quickly  dissolved,  especially  with  the  aid  of  gentle  heat.  Add  100 
cc.  of  7  5  per  cent,  alcohol,  and  filter. 

4  Watery  Borax-Carmine.— Rub  up  in  a  mortar  8  grams  borax 
with  2  grams  carmine,  and  add  150  cc.  water.  After  twenty-four 
hours  decant  and  filter.  Tissues  to  be  stained  m  hulk— e.g.,  alter 
hardenint^  with  corrosive  sublimate— are  placed  for  twenty-four 
hours  or  longer  in  this  fluid.  They  are  then  transferred  to  acid 
alcohol  (i  per  cent.  HCl  in  70  per  cent,  spirit  for  twenty-four 
hours),  and  then  into  alcohol.  _  , 

If  it  be  desired  to  stain  in  bulk  without  brmgmg  the  tissue  into 

contact  with  water,  then  use : —  .  .     -    t  n       j  1 

5  Carmine-Solution  (P.  Mayer).— 'Fov  staming  m  bulk,  and  also 
for  sections,  Mayer  recommends  the  foUowing  :- Suspend  4  grams 
carmine  in  15  cc.  water,  and  then  add  30  drops  hydrochloric  acid 
gently  heating  the  mixture.    Add  95  cc.  alcohol  (85  per  cent.)  and 
boil.    Neutralise  with  ammonia  and  on  cooling  filter. 

6.  Borax  Carmine  {Grenadier). 

?rr.    :    :    :        •  ^i^'- 

Distilled  water  200  cc. 

The  borax  dissolves  the ,  carmine.  The  whole  is  placed  in  a 
porcelain  capsule  and  heated  to  boiling,  when  the  fluid  becomes  of 
Tdark-purplish  or  bluish-red.  Add  a  few  drops  of  5  per  cent. 
Letif  add  until  the  colour  becomes  more  like  that  of  carmine 
d^slledt  ammonia.    Let  it  stand  for  twenty-four  hours,  and 


STAINING  REAGENTS.  65 

filter.    Add  a  drop  or  two  of  carbolic  acid  to  preserve  it.  This 
gives  a  diffuse  stain,  so  that  the  sections  have  to  be  treated  with 
acid  alcohol  (p.  65).^ 
The  original  receipt  is 

Carmine  .  .  .  .  .5  to  .75  gram. 

Borax    .....  2  ,, 

Water    .....  100  cc. 

Alcohol  (70  per  cent.)  ...  .  100  ,, 

Borax-carmine  is  chiefly  used  for  staining  tissues  "in  bulk." 
Small  pieces  of  tissue,  to  |-inch  cubes  or  larger,  may  be  left  in  it 
for  days,  and  they  do  not  become  over-stained.    It  gives  by  itself 
a  diffuse  stain ;  hence  to  get  its  effect  concentrated  upon  the  nuclei, 
for  which  it  has  a  special  affinity,  the  pieces  of  tissue  must  be  placed 
for  twenty-four  hours  or  thereby  in  70  per  cent,  alcohol  containing 
I  per  cent,  of  hydrochloric  acid. 
Acid  Alcohol.— This  is  called  acid  alcohol,  and  is  prepared  thus- 
Hydrochloric  acid        .         .         .         .      I  cc. 

Alcohol  .  .  .  .  .  .      70  ,, 

Water    ...  m  " 

When  tissues  are  placed  in  the  acid  alcohol,  they  change  in 
colour  to  a  bright  scarlet.  A  certain  amount  of  the  surplus 
carmine  is  extracted,  but  the  nuclei  become  intensely  stained. 

This  method  is  particularly  valuable  for  a  large  number  of  organs, 
and  especially  where  nuclear  staining  is  desired. 

7.  Alum  Carmine.— Dissolve  5  grams  of  potash-alum  in  100  cc. 
water.  Add  i  gram  carmine,  and  boil  for  a  quarter  of  an  hour. 
Make  up  the  bulk  with  water  and  filter.  Add  a  drop  of  carbolic 
acid  to  preserve  it,  as  fimgi  rapidly  form  in  it.  It  has  the  advan- 
tage of  not  over-stainmg  tissues  left  in  it  for  a  lono-  time 

8.  Lithium  Carmine  (Orth). 

Carmine       .  .  .  .  .2.5  grams 

Saturated  solution  of  lithium  carbonate       .    100  cc. 

Dissolve  the  carmine  in  the  cold  saturated  solution  of  lithium 
carbonate;  solution  occurs  very  quickly.  It  gives  a  diffuse  stain, 
to  nearly  all  tissues  very  rapidly,  and  the  sections  must,  therefore, 
be  transferred,  without  previous  washing  in  water,  to  acid  alcohol 
\Ltf   -fi   ^  glycerine  or  balsam  as 

for  secHnn^i'  T     "'r  tT''^  "  ^^^^^^^  be  used 

lor  sections  fixed  on  a  slide  by  means  of  white  of  ecra 

Application. 

(1.)  Stain  (2-3  minutes). 

^^■^  surplus  dye  in  acid  alcohol  (i-i  minute),  i.e.,  in  100 

,0  s  ry  70  per  cent,  spirit  +  i  cc.  HCl. 

(  A  A?"r?  ''^n^?'^     P''°'°"ged  washing  in  water. 
(4.)  Alcohol,  oil,  balsam. 

^  ArcUvf.  Mile.  Anat.,  vol.  xvi.  p.  363. 
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9  Picro-Lithium  Carmine.— This  is  even  preferable  to  the  fore- 
going, because,  in  addition  to  staining  nuclei  red,  it  stains  certain 
other  parts  yellow. 

Lithium  carmitie   .  .  •  •  .     50  cc. 

Saturated  solution  of  picric  acid    .  .  .100,, 

Mix  the  two  slowly.  If,  after  trying  it,  one  or  other  colour  is 
too  pronounced,  add  a  little  more  of  the  other. 

The  sections  are  to  be  treated  with  acid  alcohol  like  the  lore- 
cToin-  The  acid  alcohol,  however,  ultimately  extracts  the  picric 
acid°  This  is  avoided  by  not  leaving  them  too  long  m  acid 
alcohol  If  the  picric  stain  be  removed,  it  may  be  restored  at  once 
by  dipping  the  section  in  absolute  alcohol  to  which  a  little  picric 

acid  has  been  added.  •  i.   j  i 

10  Picro-Carmine.— This  most  valuable  reagent  was  introduced 
by  Ranvier,  and  has  the  great  advantage  of  giving  a  double  stam 
without  the  use  of  acid  or  alkali. 

(a.)  Kanvier's  method  of  preparmg  it  is  as  fol  ows  :-io  a 
saturated  watery  solution  of  picric  acid  add  a  ^^^urated  ammonW 
solution  of  carmine  until  precipitation  just  appears,  untd  satur^ 
io  The  fluids  must  be  well  mixed.  Leave  it  exposed  shaUow 
vessels  to  crystaUise,  but  protect  it  from  the  dust.  Crystals  are 
Tepold,  an'd  also  s^me  amorphous  carmine  After  several  weeks 
when  its  bulk  is  reduced  to  one-third  decant  the  MM  filter,  and 
evaporate  it  to  dryness  on  a  water-bath.  I^f;^.f  ^^^^^^^^^ 
cry  talline  deposit  in  water,  filter,  and  evaporate  ^  d  yness-  Ihe 
brown  powder  so  obtained  is  dissolved  m  the  proportion  of  i  per 
cenrin  water.    This  fluid,  prepared  in  this  way,  gives  very  satis- 

'^l^S!^sMetkocl.-A  very  good  solution  is  obtained  by  th^ 
method     To  .50  cc.  water  add  5  cc  hquor  ammonite  and  i  gram 

%Sutions -Pre%tions  stained  ™M>  picr^-cavmme  a,,  not 
or  "lyceriM  acidulated  witli  formic  acid  (i  JJcr  cent.)  [toimic  acm 
-{f  s^jSg  eectio. 
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and  cover.  Such  sections  improve  -with,  keeping,  and  the  siirphis 
picro-carmine  is  really  an  advantage,  for,  after  a  time,  the  nuclei 
become  more  diiferentiated — red,  and  other  parts  yellow. 

If  it  be  desired  to  mount  sections  stained  with  picro-carmine  in 
balsam,  the  alcohol  through  which  they  are  passed,  or  the  clove-oil, 
must  contain  some  picric  acid  to  restore  the  yellow  colour. 

11.  Carmine  and  Dahlia  Fluid  ( Westphal). —Bissolye  i  gram  of 
carmine  in  2.5  per  cent,  of  alum.    Take  of  this — 


Alum  carmine  . 
Glycerine 

Sat.  sol.  of  dahlia  in  absolute  alcohol 
Acetic  acid 


This  fluid  is  specially  usefid 
("Mastzellen")  of  the  hver. 
12.  Cochineal  (Csokor). 

Powdered  cochineal 
Alum  . 
Water  . 


for 


100  cc. 
100  „ 
100  „ 
20 


staining 


the  granular  cells 


50  grams. 

5  „ 
500  cc. 


Dissolve  the  alum  in  the  water,  add  the  cochineal  (Coccus  cacti), 
and  boil.  Evaporate  down  to  two-thirds  of  its  original  volume. 
Filter.  Add  a  few  drops  of  carbolic  acid  to  prevent  the  formation 
of  fungi.  This  is  an  excellent  nuclear  stain,  especially  for  the 
central  nervous  system. 

It  stains  nuclei  of  a  violet-red  and  does  not  overstain,  so  that 
sections  may  be  left  in  it  for  many  hours.  It,  however,  does  not 
stain  well  objects  that  naturally  stain  with  difficulty 

Application. 

(1.)  Stain  for  an  hour  or  more. 
(2.)  Wash  in  water. 
(3.)  Alcohol,  oil,  balsam. 

13.  Indigo  Carmine  (Merkel). 

Solution  A. — Carmine  . 

Borax 
Water 


Solution  B.  — Indigo  carmine 
Borax 
Water 


1 30  cc. 

8  grams. 

8  „ 
130  cc. 


Keep  the  solutions  separate  (B  is  apt  to  develop  a  precipitate). 
V\  hen  required,  mix  equal  volumes  of  A  and  B.    The  mixture 

t  frT'V"  '"^"^  it  i«  ^^tter  to  make 

four  'T''f  •  ''''''^  ^'^"^^i^     it  at  least  twenty- 

SacZv^'T  longer-but  the  results  are  certainly 

satisfactory.    The  stained  sections  are  placed  for  half-an-hour  or 
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thereby  in  a  saturated  solution  of  oxalic  acid,  wliicli  extracts  the 
superfluous  pigment.  Mount  sections  in  Warrant's  solution  or 
balsam.    (See  Stomach.) 

B.  Hsematoxylin  and  Logwood. 

Hsematoxylin.— This  substance  was  introduced  to  the  notice  of 
histoloc^ists  by  Bohmer.  It  is  one  of  the  most  valuable  nuclear 
staininS  reagents  we  possess,  and  this  is  specially  the  case  when  its 
violet-blue  stain  is  set  off  by  contrast  with  a  ground  stain  of  eosin, 
picric  acid,  or  other  appropriate  dye.  _  _ 

1.  Hsematoxyliii  {Bohmer).— Make  a  solution  containing— 

Hfematoxylin  ^  S^'^"^' 

Absolute  alcohol  .  •  •  • 

Make  a  second  solution  of  — 

Alum  Sg'-aras. 
Distilled  water  .  ■  ■  •  • 

Add  drop  by  drop  the  first  solution  to  a  little  of  the  second  until 
a  deep-violet  colour  is  obtained.  The  fluid  is  placed  for  fourteen 
days  in  an  open  vessel,  protected  from  dust,  and  exposed  to  the 
light  and  air,  Vhen  it  becomes  of  a  bluish  tint  This  fluid  is  said 
to  "  ripen."  Oxidation  processes  take  place  whereby  the  hsemato- 
xylin is  converted  into  hamatein.  Filter.  Add  a  fragment  of 
thymol  to  preserve  it.    It  stains  tissues  m  5-15  minutes. 

It  is  sufficient  to  make  a  saturated  solution  of  the  crystaW 
hematoxylin  in  a  small  quantity  of  absolute  alcohol.  Add  a  few 
drops  to  a  I  per  cent,  solution  of  alum,  which  yields  a  light  violet- 
Sred  fluid  Expose  the  fluid  to  light  and  air,  when  it  becomes 
blue     It  is  well  toV-epare  this  fluid  several  weeks  beforehand  to 

"Th'e  ordLlryranipulative  procedure  for  hsematoxyhn  staining  is 
as  follows : — 

(1.)  Stain  the  section  (2-10  minutes). 
(2.)  Wash  in  distilled  water.  .    j-  .-n  ^  ^„+„v 

(3    Allow  section  to  remain  12-24  hours  m  disti  led  watei. 
(4!)  Remove  water  with  alcohol, -add  ethereal  oil,  balsam. 
Bohmer's  hematoxylin  is  well  adapted  for  staining  sections.  It- 
is  be  t  adapted  for  tissues  hardened  in  sublimate,  alcohol,  picric  or 
nitric  ac'd  and  not  so  good  for  those  from  chromium  salts  or  osmic 
n  d     Sections  to  be  stained  with  it  before  being  placed  m  the  dye 
a  e  better  0  be  placed  first  in  water  or  in  i  per  cent,  alum  soto" 
S  taken  direct  from  alcohol  they  may  contain  a  deposit  after  beu  g 
It  ta^en  au  .^^^         thoroughly  washed  in 

Sa'y  wt^e?  Sniat'oxylin  stains  the  chromatin  of  the  nuclei 
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a  deep  blue,  and  other  parts  of  some  tissues  light  blue,  e.g.,  the 
matrix  of  hyaline  cartilage. 

2.  Strong  ITucleus-Staining  Hsematoxylin  (Hamilton). 

Ha?matoxylin   .  .  .  .  .12  grams. 

Alum    .          .  .  .  .  .     50  „ 

Glycerine         .  .  .  .  .      65  cc. 

Distilled  water  .  .  .  .  .  130 

Boil,  and  while  hot  add  5  cc.  liquid  carbolic  acid.  Allow  the 
mixture  to  stand  in  the  sunlight  for  at  least  a  month. 

3.  Delafield's  Hsematoxylin. — To  100  cc.  of  a  saturated  solution 
of  ammonia  alum  add  drop  by  drop  a  solution  of  i  gram  hsematoxylin 
dissolved  in  6  cc.  absolute  alcohol.  Expose  to  the  air  and  light 
for  a  Aveek.  Filter.  Add  25  cc.  glycerine  and  25  cc.  of  methylic 
alcohol.  Allow  it  to  stand  exposed  to  the  light  for  a  long  time. 
Filter. 

This  solution  stains  extremely  rapidly,  and  may  be  greatly  diluted 
when  it  is  used.  It  keeps  for  a  very  long  time,  and  stains  well 
even  tissues  which  have  been  hardened  in  chromic  or  osmic  acid. 

1  Kleinenberg'sHaematoxylin.— (i.)  Make  a  saturated  solution 
of  calcium  chloride  in  70  per  cent,  alcohol.  Shake  it  Avell,  and 
allow  it  ^to  stand.  Decant  the  saturated  solution,  add  alum  to 
excess,  shake  it  well,  allow  it  to  stand  for  a  day  or  so,  and  filter. 

(2.)  Make  a  saturated  solution  of  alum  in  70  per  cent,  alcohol 
Filter. 

(3.)  To  one  volume  of  the  filtrate  from  (i)  add  eight  volumes 
of  (2). 

(4.)  To  (3)  add  drop  by  drop  a  saturated  solution  of  hematoxylin 
m  absolute  alcohol,  until  it  becomes  of  a  decided  purple  colour, 
but  not  too  dark,  as  the  solution  becomes  darker  by  keepino'  and 
exposure  to  light.  It  should  be  prepared  at  least  a  few  m^onths 
before  it  is  wanted. 

It  may  be  diluted  to  any  extent  by  adding  the  mixture  (i)  or 
(2).  As  it  contains  much  spirit,  sections  placed  in  it  must  be 
covered,  i.e.,  protected  from  evaporation,  else  the  spirit  will  rapidly 
evaporate. 

This  logwood  stain  is  particularly  valuable  when  it  is  required 
to  stam  a  tissue  or  an  organ  "  in  bulk."  This  a  diluted  solution 
will  do  m  24-48  hours,  provided  the  pieces  be  not  too  large. 

0.  Acid  Hematoxylin  {Ehrlich). 

Hfematoxylin    .  .  -  „,.„^ 

Absolute  alcohol         .  .  ;     30  fc 

To  the  solution  add — 

DistTlled'water:  '  '  '  "    fo  cc.  1  Saturated 

Glacial  acetic  acid        .  '   ■       '  '    ^°  "  /^^'thalum. 
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Dissolve  the  h2ematoxylin  in  the  aleohol,  add  the  glycerine  and 
water,  and  then  the  acid.  At  first  the  solution  is  light-red,  but 
when  it  has  been  exposed  to  the  air  for  2-3  weeks  it  gets  bluish 
It  does  not  over-stain,  and  the  tissues  stained  with  it,  when  exposed 
to  the  light,  become  violet  or  bluish  tinted.  It  may  be  used  either 
for  sections  or  for  staining  in  bulk,  and  in  the  latter  case  it  does 
not  tend  to  over-stain. 

Application. — Sections  from  alcohol — 

(1.)  Stain  (3-5  minutes). 

(2.)  Wash  in  alcohol  (90  per  cent.). 

(3.)  Alcohol,  oil,  balsam. 

Garbini  finds  it  better  to  place  the  sections  after  staining  in— 
(2.)  Distilled  water. 

(3.)  Solution  of  carbonate  of  lithia  (.25  per  cent.). 
(4.)  Alcohol. 

6  Glycerine  Hsematoxylin  {Renaut).—Satmate  perfectly  neutral 
crlycerine  with  potash-alum,  and  to  it  add  drop  by  drop  a  saturated 
solution  of  h^ematoxylin  in  90  per  cent,  alcohol,  until  a  deep-violet 
tint  is  obtained.  About  one-fourth  part  of  the  h^matoxyhn  solution 
has  to  be  added.    Let  it  stand  exposed  to  the  light  for  weeks,  and 

T^'Eosin  HsematoxyUn  (Eenaut).— Add  drop  by  drop  a  con- 
centrated watery  solution  of  eosin  to  200  cc.  of  glyf^^^.f^^^^j;^. 
with  potash-alum.    Filter.    Add  drop  by  drop  an  alcohohc  solution 
of  hEematoxylin.    Expose  to  light  for  weeks,  and  filter. 
8.  Heidenhain's  Hsematoxylin. 

(1  )  This  is  used  for  staining  in  bulk.  Prepare  1  per  cent, 
watery  solution  of  hsematoxylin,  which  must  not  be 
kept  too  long.  Boil  the  hfematoxylin  in_  water  and 
allow  it  to  cool.  Place  the  hardened  tissue  m  this  dye 
for  24-48  hours. 
(2.)  Transfer  it  for  24  hours  to  .5  per  cent,  watery  solution 
^  of  yellow  chromate  of  potash  (24-48  hoiu's  .  This 

causes  dark  clouds  in  the  fluid,  so  that  the  chromate 
must  be  frequently  changed.  ^    a  a 

(3  )  Wash  carefully  in  water.  The  tissues  are  then  hardened 
in  alcohol,  and  may  be  embedded  in  parafhn.  it  is  best 
adapted  for  objects  hardened  in  absolute  alcohol,  e.g., 
salivary  glands,  pancreas  (Lesson  XXIIL),  or  in  picric 
acid.  Besides  tinting  the  nuclei  a  greyish-blue,  the 
protoplasm  of  the  cells  has  a  fine  steel-gray  tint,  but 
the  sections  must  not  be  too  thick. 


STAINING  REAGENTS. 


71 


9.  Hamatein.  It  is  well  known  that  a  solution  of  hematoxylin 
(CieHi^Og)  after  being  prepared  must  stand  some  time  to  "  ripen " 
before  it  is  ready  for  use.  The  substance  ultimately  formed  chiefly 
by  the  action  of  the  air  is  hamatein  (CieHpOe),  which  occurs  in 
commerce  in  the  form  of  a  brown  powder  which  is  soluble  in  alcohol 
or  water.  P.  Mayer  recommends  the  following  solution  of  this 
body  in  alum  or  Ham-alum  :  1 — 

(a.)  Hamatein  .....       i  gram. 
Alcohol  (90  per  cent.)       .  .  .      50  cc. 

Dissolve  by  heating. 

(&.)  Alum        .         .         .         .         -50  grams. 
Distilled  water      ....  1000  cc. 

Mix  the  fluids  (a)  and  (b).  Allow  the  mixture  to  settle,  and  use 
the  clear  supernatant  fluid  as  a  stain.  If  it  be  too  strong,  dilute 
with  distilled  water,  or,  better  still,  with  alum  solution. 

I  have  used  this  extensively  during  the  last  year  for  staining  in 
bulk,  and  find  it  to  be  an  excellent  dye. 

Logwood. — Staining  solutions  were  formerly,  and  sometimes 
are,  made  from  logwood  chips. 

10.  Logwood  {Mitchell's). — The  tannic  acid  is  removed. 

Place  finely-ground  logwood  (2  oz.)  in  a  funnel;  pack  it  well, 
and  allow  water  to  percolate  through  it  until  it  flows  away  with 
but  little  colour.  Allow  the  water  to  drain  away ;  spread  the 
logwood  on  a  board  to  dry. 

Dissolve  alum  (9  oz.)  in  8  oz.  of  water.  Moisten  the  dry  logwood, 
pack  it  again  tightly  into  a  funnel,  and  pour  on  the  alum  solution. 
Close  the  lower  end  of  the  funnel,  and  allow  the  alum  solution  to 
extract  the  dye  from  the  logwood  for  forty-eight  hours. 

Allow  the  coloured  fluid  to  flow  off,  and  percolate  4  oz.  of  water 
through  the  logwood  in  the  funnel.  Add  a  few  drachms  of  glycerine 
and  rectified  spirit.  Dilute  largely  when  using,  so  that  staining 
will  take  place  slowly. 

11.  Other  solutions  of  hsematoxylin,  including  Weigert's,  are 
referred  to  in  the  text.  (Lessons  on  Central  Nervous  System  and 
Salivary  Glands.) 

General  Statement  regarding  Hsematoxylin.— Htematoxylin  is 
specially  useful  for  staining  tissues  hardened  in  chromic  acid. 
Ehrlich's  hematoxylin  is  much  to  be  commended.  In  all  cases  it 
is  better  to  clarify  sections  stained  with  hsematoxylin  by  means  of 
xylol— not  clove-oil — before  mounting  in  balsam. 

Hajmatoxylin  and  logwood  are  amongst  the  best  nuclear  stains 
we  possess,  and  the  tissues  which  stain  best  are  those  hardened  in 
alcohol ;  but  those  also  from  MuUer's  fluid  stain  well.    With  those 

^  Zaitsch.f.  tuiss.  Mik.,  viii.  p.  341. 
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hardened  in  watery  solutions  of  chromic  acid  it  is  otherwise.  It  is 
sometimes  very  difficult  to  get  them  to  stain.  This  may  sometimes 
be  effected  by  soaking  the  sections  previously  in  a  dilute  solution  of 
sodic  carbonate. 

They  are  also  very  valuable  in  double  and  treble  staining. 

In  the  case  of  preparations  stained  by  hsematoxylin  or  logwood, 
over-staining  may  be  got  rid  of  by  placing  the  sections  in  dilute 
acetic  acid.  This  will  rapidly  extract  the  surplus  stain,  but  at  the 
same  time,  if  allowed  to  act  too  long,  it  will  make  the  remaining 
part  red.  Great  care  should  be  taken  afterwards  by  thorough 
washing  of  the  sections  in  water  to  remove  every  trace  of  the  acid. 

C.  Eosin. 

1.  Eosin. — This  substance  is  readily  soluble  in  alcohol  and  water. 
yMake  a  5  per  cent,  watery  solution.  It  gives  a  beautiful  diffuse 
y .  rosy  hue,  and  stains  very  quickly,  in  a  minute  or  two.  The 
stronger  solution  can  be  diluted  as  required.  It  forms  one  of  the 
best  ground-stains  in  contrast  to  logwood  or  one  of  the  numerous 
aniline  dyes.  When  using  it  as  a  double  stain,  e.g.,  logwood  and 
eosin,  stain  the  section  first  of  all  in  logwood,  and  if  it  is  to  be 
mounted  in  balsam,  clarify  with  clove-oil  in  which  a  little  eosm  has 
been  dissolved.  Sections  stained  with  it  can  be  mounted  in  balsam, 
Tarrant's  solution,  or  glycerine.  It  is  a  specific  stain  for  the 
hemoglobin  of  red  blood-corpuscles,  as  it  stams  it,  even  after 
hardening  in  chromic  salts,  a  copper-red  colour,  while  it  also  stains 
the  granules  of  certain  leucocytes  of  the  blood  of  a  reddish  tint.  It 
is  used  very  extensively,  and  in  a  very  dUute  solution  is  a  good 
stain  for  cartilage  and  striped  muscle. 

D.  The  Aniline  Dyes. 

Watery  or  alcoholic  solutions  of  the  aniline  dyes  stain  sections 
with  great  rapidity.  The  word  "stain"  is  perhaps  not  quite  the  right 
word  to  use.  It  is  rather  a  process  of  imbibition  than  stainmg 
proper  One  of  the  difficulties  in  using  aniline  dyes  is  the  rapidity 
with  which  sections  have  to  be  transferred  from  one  liquid  to  another. 
They  are  not  used  for  staining  in  bulk.  After  staining  and  dehydrat- 
ing it  is  best  to  clarify  the  sections  (except  m  special  cases)  with 
cedar  or  bergamot  oil  or  xylol.  The  sections  are  mounted  m  balsam, 
not  in  frlycerine,  as  the  latter  dissolves  the  dyes. 

Thev  are  amongst  the  most  valuable  so-called  staining  reagents 
we  possess,  and  although  many  of  them  do  not  yield  permanent 
preparations-the  colour  fading  after  a  time-still  he  residts 
obtained  by  their  use  are  so  important  that  it  behoves  the  student 
to  use  them  frequently.  It  is  most  important  that  they  should  be 
obtained  from  reliable  sources. 
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The  aniline  colours  are  divided  by  Elirlich  into  add,  basic,  and 
neutral  compounds.  Of  the  three,  the  basic  colours  are  most  used, 
as  they  are  excellent  nuclear  stains.  Some  of  them  have  special 
aifinities  for  certain  tissues,  and,  as  is  well  known,  they  are  of  the 
utmost  value  in  bacteriological  investigations.  They  may  be  kept 
in  drop  bottles.  All  of  them  are  soluble  in  alcohol,  and  most  of 
them  in  water ;  and  so  powerful  are  they,  that  usually  a  i  per  cent., 
or  even  a  much  weaker  solution,  suffices  to  stain  tissues  in  a  few 
minutes.  Some  of  them,  according  to  Ehrlich's  researches,  stain 
better  when  they  are  mixed  with  a  mordant. 

Aniline-On  and  Aniline-Water  {Ehrlich's  Method).— ^hake  up 
excess  of  pure  aniline-oil  with  excess  of  water,  and  allow  it  to  stand. 
The  most  of  the  oil  sinks  to  the  bottom.  This  solution  should  not 
be  kept  too  long ;  in  fact,  it  is  better  to  make  it  fresh.  Filter  a 
little  of  the  aniline-water  into  a  watch-glass.  To  the  fluid  in  the 
watch-glass  add  ten  or  twelve  drops  of  a  concentrated  alcoholic 
solution  of  any  of  the  aniline  dyes  it  is  desired  to  use  in  this  way. 

Very  few  of  the  preparations  stained  by  aniHne  dyes  can  be  pre- 
served in  glycerine  or  Tarrant's  solution.  A  50  per  cent,  solution 
of  acetate  of  potash  keeps  their  colours  well,  but  it  is  a  medium 
which  it  is  difficult  to  keep  tightly  under  the  cover-glass.  Many  of 
them  can  be  preserved  in  balsam,  but  most  of  them  must  be  kept 
away  from  the  action  of  acids.  In  a  few  cases  the  colour  is  partly 
extracted  and  fixed  with  dilute  acids,  but  in  such  cases  the  free  acid 
must  be  removed  from  the  section  before  it  is  finally  mounted. 
F or  convenience  these  colours  may  be  grouped  as  follows  :— 
(A.)  Violet  Aniline  Colours. 

Methyl  Violet.— Dissolve  2  grams  in  100  cc.  and  filter.  This 
gives  a  2  per  cent,  solution,  which  may  be  diluted  as  required.  A 
0.1  per  cent,  solution  is,  in  many  cases,  sufficient.  It  does  best  for 
porous  textures.  Sections  are  left  to  stain  in  it  for  several  hours 
washed  with  water,  and  then  with  alcohol,  until  no  more  colour 
comes  away,  and  mounted  in  balsam.  It  stains  intercellular  sub- 
s  ances  but  slightly,  while  cells,  and  especially  their  nuclei,  are 
stained  by  it. 

Gentian  Violet  always  answers  very  well  for  staining  cell-nuclei, 
••^  but  It  seems  to  be  better  for  hardened  preparations  than  the 
previous  dye. 

Dahlia  is  used  in  the  same  way  as  the  preceding. 
(B.)  Blue  (and  Purple)  Aniline  Colours. 

rlr;!^^^^  ^^fT^^'^^f  '  P^'"  '^'^te'^y  solution,  adding  a  few 
drops  of  absolute  alcohol.    This  is  useful  for  the  glands  of  the 

M  ^  ^^^^^  ^^^"^'^  safranin 

,.i!!f  ^  T  2,^y«--Make  a  saturated  watery  solution.  Rectified 
spirit  may  be  added  to  make  it  keep.    It  is  not  very  largely  used 
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in  bacteriology,  e.g.,  for  the  tubercle  bacillus,  but  largely  for  double- 
staining  of  tissues,  in  contrast  to  red.  It  stains  axis  cylinders  of 
nerve  fibres.  (See  Nervous  System  and  Epithelial  Cement.) 
Sections  to  be  mounted  in  balsam  are  best  clarified  by  cedar-oiL 
Better  results  are  obtained  by  using  a  very  dilute  solution  made 
as  follows  (Garbini)  : — Add  lo  drops  of  a  saturated  alcoholic 
solution  to  loo  cc.  of  a  solution  of  caustic  potash  (i  in  10,000). 
Leave  the  sections  to  stain  (12-24  hours).  Leave  them  in  absolute 
alcohol  (6-8  hours),  and  then  in  oil  of  cloves  (2-4  hours)— xylol— 
xylol-balsam. 

Spiller's  Purple.— Use  SpiUer's  piirple  No.  i.  Rub  up  2  grams 
in  a  glass  mortar  with  10  cc.  of  alcohol,  and  add  100  cc.  of  distilled 
water.  It  is  used  as  a  double  stain,  and  for  staining  the  fibrm  m 
coagulated  blood.  The  stain  requires  to  be  pretty  deep,  as  it  is 
washed  out  by  alcohol.  If  a  section  stained  by  it  is  to  be  mounted 
in  balsam,  use  cedar-oil  to  clarify  it. 

(C.)  Green  Aniline  Colours.— Amongst  these  are  iodine  green, 
methyl  green  (i  per  cent.),  aniline  green,  and  aldehyde  green. 

Iodine-Green  is  used  as  a  5  per  cent,  filtered  watery  solution. 
It  stains  nuclei  and  developing  cartilage  green,  and  makes  a  good 
contrast  stain.  It  is  not  very  readily  extracted  by  spirit,  and  does 
not  soon  fade. 

Methyl-Green.— This  is  a  nuclear  stain.  Make  a  i  per  cent, 
solution  in  distilled  water,  and  add  25  cc.  of  absolute  alcohol. 
Belgian  observers,  more  particularly  Carnoy,  use  this  for  fresh  tissues 
in  the  following  manner : — 

Methyl-green  ^ 

Glacial  acetic  acid        .  •  •  .       i  cc. 

Distilled  water  .  .  •  •  •  100 

Add  a  few  drops  of  this  liquid  to  a  watch-glassful  of  an  indifferent 
fluid,  e.g.,  normal  saline. 

The  others  will  be  referred  to  in  the  text. 
(D  )  Red  Aniline  Colours.— They  are  very  numerous. 
RosanUine  Acetate,  Sulpliate,  and  Hydrochlorate  (Magenta).— 
The  term  fudisvn  is  sometimes  applied  to  the  one,  sometimes  to 
the  other,  but  the  acetate  is  more  soluble  m  water.  Ihey  give  a 
rather  diffuse  stain,  but  are  useful  for  nuclear  stammg,  elastic  fibres, 
and  blood-corpuscles.  .    ,     .  . 

Eub  up  a  little  (i  gram)  in  a  glass  mortar  with  rectified  spiut 
(20  cc  ).    After  solution  add  20  cc.  of  distilled  water. 

Maffenta  for  Blood-Corpuscles.— Dissolve  .1  gram  of  magenta 
in  ^  cc.  of  rectified  spirit  and  15  cc.  water,  and  add  20  cc.  glycerine. 

Acid  Fuchsin  is  a  specific  colouring-matter  for  the  nervous 
system  It  was  introduced  by  Weigert,  but  it  has  been  largely 
displaced  by  Weigert's  hsematoxylin  copper  stain. 
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Safranin  is  specially  used  as  a  niiclear  stain,  and  very  largely  for 
the  study  of  mitosis.  It  is  specially  useful  for  tissues  hardened  in 
Flemming's  mixture. 

Safranin         .....         i  gram. 
Absolute  alcohol         .  .  .  .      loo  cc. 

Water  ......     200  ,, 

It  may  also  be  used  as  a  much  stronger  alcoholic  solution,  5  per 
cent,  in  70  per  cent,  alcohol.  There  are  several  varieties  of  this 
dye,  and  some  of  them  are  of  little  value  as  dyes.  Therefore  it  is 
important  to  obtain  a  good  sample.  That  sold  as  safranin-0  can 
usually  be  relied  upon,  and  is  to  be  obtained  from  Dr.  George 
Griibler,  Leipzig. 

In  using  this  dye,  the  sections  are,  as  a  rule,  left  for  several 
liours  in  the  solution — even  twenty-four  hours  or  longer — and  are 
then  placed  in  ordinary  alcohol  or  acid  alcohol  (p.  65) — containing 
.5  per  cent,  hydrochloric  acid — to  remove  the  surplus  stain.  If  this 
be  properly  done,  the  nuclei — the  chromatin  of  the  nuclei  only — are 
stained.    Sections  may  be  mounted  in  balsam. 

Application. 

(1.)  Stain  sections  in  i  per  cent,  watery  solution  of  safranin 

(1-24  hours). 
(2.)  "Wash  rapidly  in  water. 
(3.)  Wash  in  absolute  alcohol  or  acid  alcohol. 
(4.)  Absolute  alcohol,  oil,  balsam. 

Sometimes  it  is  useful  to  use  it  in  aniline-water,  after  Ehrlich's 
method  (p.  73). 

As  shown  by  Martinotti,  it  colours  black  or  dark-purple  elastic 
fibres  hardened  in  0.2  per  cent,  chromic  acid  (Lesson  X.). 
(E.)  Brown  Aniline  Colours. 

Bismarck  Brown  or  Phenylene  Brown.— This  is  but  slightly 
soluble  in  water,  but  it  forms  a  good  ground-stain  in  contrast  to 
hsematoxylin,  and  is  useful  for  staining  plasma  cells  and  the  cells  of 
the  cerebrum.  It  preserves  its  colour  when  mounted  in  Farrant's 
solution  or  balsam. 

(a.)  Boil  Bismarck  brown  with  100  of  water  (  =  3-4  per  cent.). 
Filter  and  add  one-third  its  volume  of  absolute  alcohol. 

(h.)  Or  use  a  concentrated  alcoholic  solution  in  40  per  cent 
alcohol  _( =  2-2^  per  cent.). 

Application. 

(1.)  Stain  (5  minutes). 

(2.)  AVash  out  in  strong  spirit. 

(3.)  Alcohol,  oil,  balsam. 

It  does  not  tend  to  over-stain.   It  is  a  nuclear  stain,  and  the  nuclei 
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are  brown,  and  the  protoplasm  light  brown.  Such  preparations  are 
well  adapted  for  photographic  reproductions.  Some  use  a  solution 
in  70  per  cent,  alcohol. 

Vesuvin  is  much  more  soluble,  and  is  used  in  the  same  way  as 
Bismarck  brown. 

(F.)  Other  Aniline  Dyes. 

Aniline  Blue-Black. — This  has  a  remarkable  power  of  staining 
nerve-cells,  as  shown  by  Sankey.  It  is  best  adapted  for  staining 
fresh  nerve-tissues,  although  it  is  also  used  for  staining  in  bulk. 
It  has  little  power  of  diffusing  through  them.  (Lessons  on  Central 
Nervous  System.) 


Table  slioiuing  some  of  the  Aniline  Dyes  in  most  Common  Use, 
arranried  according  to  their  Colour. 


Ked. 

Green. 

Blue. 

Yellow. 

Violet. 

Brown  and 
Black. 

Safranin. 

Eosin. 
Fuclisin. 
Ponceau 
RE. 

Methyl- 
green. 
Iodine 
green. 

Aldehyde 
green. 

Methylene 

blue. 
Aniline 

blue. 
Quinoline. 

Orange. 

Methyl- 
violet. 
Violet 

BBBBB. 
Dahlia. 

Bismarck 
brown. 
Nigrosin. 

Aniline 
blue-black. 

E.  Metallic  Substances. 

1.  Nitrate  of  Silver.— This  substance  possesses  the_  property  of 
forming  a  compound  with  intercellular  substance,  which  darkens, 
and  becomes  brown  or  black,  on  exposure  to  light.  It  is  unequalled 
for  the  study  of  the  cement  substance  of  epithelium  and  endo- 
thelium, and  for  the  cell-spaces  of  the  cornea,  and  connective  tissue 
generally.  The  tissue,  however,  must  be  fresh— the  fresher  the 
better.  Use  a  glass  or  horn  rod  to  manipulate  the  tissue  in  the 
fluid,  not  metallic  instruments. 

Make  a  i  per  cent,  solution,  i.e.,  i  gram  of  silver  nitrate  is 
dissolved  in  100  cc.  of  distilled  water.  This  is  kept  as  a  stock. 
A  i  or  J  per  cent,  solution  is  the  strength  usually  employed. 

If  it  be  desired  to  "  silver  "  a  part  of  the  omentum  or  mesentery, 
this  membrane  should  be  pinned  out  with  hedgehog  spines,_ without 
beino-  stretched,  on  a  piece  of  flat  cork  with  a  large  hole  in  it,  so 
thattiie  solution  can  get  to  both  sides  of  the  membrane.  A  very 
convenient  plan  is  to  pass  the  membrane  over  a  porcelain  or  ebonite 
ring,  and  fix  it  with  another  ring  in  the  manner  m  which  a  skin  is 
fitted  on  a  drum  (figs.  45  and  46). 

Lave  the  membrane  gently  in  distilled  water  to  remove  any 
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chlorides,  and  place  it  in  a  dilute  solution  of  the  reagent  per 
cent.).  The  tissue  soon — 5-10  minutes — becomes  white,  and  as 
soon  as  it  looks  grayish  remove  it  and  wash  it  in  distilled  water. 
Place  it  in  ordinary  water,  and  expose  it  to  good  daylight,  when  it 
rapidly  becomes  brown.  It  can  then  be  preserved  in  spirit  until  it 
is  required. 

A  membrane  may  be  stained  in  situ,  e.g.,  the  central  tendon  of 
the  diaphragm  of  a  rabbit,  or  the  mesentery,  e.g.,  of  a  frog.  Open 
the   abdomen,   irrigate  _ 

the  membrane  by  allow-  A   ^i^^^i--^^^^^^  ..^^^^^  B 

ing  distilled  water  to 
fall  on  it  from  a  pipette. 
This  removes  all  sub- 
stances that  might  com- 
bine with  the  silver  and 
give  rise  to  illusive  ap- 
pearances. Drop  on  the 
silver  solution  by  means 
of  a  pipette.  Treat  the 
membrane  as  in  the 
previous  case. 

2.  Negative  Method 
{RecMinghausen). — This 
is  the  usual  method  by  which  the  intercellular  cement  substance  is 
stained  black — a  loeak  solution  being  used — as  for  the  study  of 
endothelium.    The  membrane 


Fig.  45.— a.  Vulcanite  rinprs  used  for  stretching  a  mem- 
brane wMch  is  to  be  silvered  ;  B.  Conical  rings  the 
one  inside  the  other ;  C.  A  sinp-le  rins. 


ought 
e.g. 


to 


Fig.  46. -Section  of  A.   a.  Inner,  and  b.  Outer 
ring ;  M.  Stretched  membrane. 


be  kept  stretched, 
over  the  mouth  of  a 
porcelain  capsule. 

The  following  modification 
is  recommended  by  Thanhoffer, 
and  it  works  well.  After  the 
membrane  is  exposed  to  the 
action  of  silver  nitrate,  it  is 
washed  with  a  2  per  cent,  solution  of  acetic  acid. 

3.  Positive  Method  {His)  is  specially  designed  for  showing  lacuna 
and  lymphatic  cavities,  e.g.,  the  lymphatics  of  the  skin  and  cornea 
Place  the  tissue  for  several  hours  in  i  per  cent.  AgNOo  in  the  dark 
wash  in  water,  transfer  in  dark  to  3-5  solution  of  sodic  chlodde' 

i  t,/"^,  ^"^^"^^  *°  ^'Sh*-    The  spaces  are  found  filled 

With  black  granules.    Examine  in  glycerine. 

Sometimes  silver  nitrate  is  used  in  a  solid  form,  e  g  for  the 
cornea.  This  will  be  referred  to  afterwards  in  treatin^^  of'  the  cell- 
spaces  of  the  cornea  itself.    (Lesson  on  Eye.) 

Silver  preparations  show  the  cement  substance  of  epithelium 
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stained  black  as  "silver  lines,"  and  they  may  be  mounted  in 
glycerine  or  balsam,  either  unstained  or  after  staining  with  logwood, 
picro-carmine,  or  other  dye  as  desired. 

In  order  to  stain  the  lining  endothelium  of  the  vascular  system, 
a  solution  of  silver  nitrate  is  used.  The  special  precautions 
required  are  referred  to  in  the  text.    (Lesson  on  Blood-Vessels.) 

4.  Golgi's  Method. — In  this  method  parts  of  the  central  nervous 
system  hardened  in  potassic  bichromate  are  treated  for  many  days 
with  silver  nitrate  or  mercuric  chloride  to  demonstrate  the  processes 
of  nerve-cells.    (Lesson  on  Nervous  System.) 

5.  Nitrate  of  Silver  and  Osmic  Acid  (Golgi).— This  is  specially 
useful  for  the  nervous  system.  Place  a  fresh  nerve  of  a  rabbit  just 
killed  in 

Potassic  bichromate  (2  per  cent.)        .  •      lo  parts 

Osmic  acid  (1  per  cent.)  ,  •  .       2  ,, 

for  an  hour ;  tease  the  nerve,  and  let  it  remain  in  the  mixture  for 
another  hour.  Transfer  for  8  hours  to  .5  per  cent,  silver  nitrate  and 
then  to  alcohol. 

B.  Gold  Chloride. 

Gold  Chloride.— This  substance  has  rendered  particular  service, 
especially  in  connection  with  the  terminations  of  nerves.  It  is  used 
as  1-2  per  cent,  watery  solution.    Various  methods  are  employed, 

according  to  the  end  desired.  ^  .1  ^ 

1  Acetic  Acid  Method.— Place  a  small  piece  of  perfectly  fresh 
tissue,  2  mm.  cubes,  e.g.,  hyaline  cartilage  or  a  small  cornea,  in  i  per 
cent,  solution  in  a  glass  thimble  for  half-an-hour,  keeping  it  in  the 
dark  all  the  time.  These  small  glass  thimbles  are  _  particularly  use- 
ful and  are  better  to  be  somewhat  broader  relatively  than  those 
shown  in  fig.  26.  The  tissue  will  become  yeUow;  wash  it 
thoroughly  in  distilled  water,  and  expose  it  to  bright  daylight  in 
distilled  water  shghtly  acidulated  with  acetic  acid  In  a  day  or 
two  it  will  become  of  a  purplish  or  violet-brown  colour,  bections 
can  then  be  made  and  mounted  in  glycerine.  . 

2  Loewit's  Method.— To  one  part  of  formic  acid  (sp.  gr.  1.16) 
4ld  two  parts  of  distilled  water.   Place  small  pieces  of  the  fresh  tissue 

(1-2  mm.  in  thickness),  e.g.,  tendon  from  a  rat's  tail,  m  this  mixture 
fnr  l-i  minute,  until  they  become  somewhat  transparent;  transfer 
them  to  a  glass  thimble  or  watch-glass  containing  i  per  cent,  gold 
cSide  for°  15-20  minutes,  i.e.,  until  they  have  become  yellow 
throughout.  During  this  process,  the  tissue  should  he  exposed  to 
1  Iht  as  little  as  possible.  Place  the  tissue  in  fonnic  acid  (i  :  3), 
and  keep  it  in  the  dark  for  twenty-four  hours  Afterwards  place  it 
for  twenty  four  hours  in  pure  formic  acid,  and  keep  it  also  in  the 
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dark.  "Wash,  it  thoroughly  with  water,  and  mount  in  glycerine  or 
balsam. 

^  3.  Ranvier's  Lemon-Juice  Method. — The  fresh  tissue  is  placed 
for  5-10  minutes  in  the  freshly  expressed  and  filtered  juice  of  a 
lemon,  until  it  becomes  transparent.  Eapidly  wash  it  in  distilled 
water,  transfer  it  to  i  per  cent,  gold  chloride  solution  for  from  ten 
minutes  to  one  hour ;  the  time  depends  on  the  tissue  under  investi- 
gation. Wash  with  water  and  place  the  tissues  in  50  cc.  of  Avater 
containing  two  drops  of  acetic  acid,  and  expose  them  to  light,  when 
reduction  takes  place.  Or  the  tissue  may  be  placed  in  formic  acid 
(1:3)  after  being  treated  with  lemon-juice  and  gold  chloride,  and 
kept  in  the  dark  for  twenty-four  hours.  The  latter  plan  is  in  many 
cases  to  be  preferred,  especially  where  the  retention  of  the  super- 
ficial epithehum  is  not  desired. 

4.  Boiled  Gold  Chloride.— For  some  purposes,  especially  for 
studying  the  terminations  of  the  nerves  in  sensory  surfaces,  this 
method  of  Eanvier  has  yielded  me  the  best  results. 

Make  as  required — fresh — a  mixture  of  four  parts  of  gold 
chloride  (i  per  cent.)  and  one  part  of  formic  acid.  Boil  the 
mixture  and  let  it  cool.  Place  the  fresh  tissues  (small  pieces)  in  it 
for  ten  minutes  to  one  hour.  Wash  in  water,  and  place  in  formic 
acid  (1:4  water),  and  keep  in  darkness,  where  the  reduction 
takes  place. 

5.  Rapid  Reduction  of  Gold  Chloride.— A  tissue  may  be  left  in 
gold  chloride  (i  per  cent.)  for  half-an-hour  or  more,  and  then  trans- 
ferred to  a  strong  solution  of  tartaric  acid  and  heated  to  45°  or  50° 
C,  when  it  rapidly  becomes  of  a  purplish-brown  colour,  usually  in 
the  course  of  a  quarter  of  an  hour. 

Although  it  has  been  stated  that  for  gold  chloride  preparations 
the  tissues  should  be  fresh,  Drasch,  in  his  researches  on  the  nerves 
of  the  intestine  and  those  of  the  circumvallate  papiUfe,  points  out 
that  he  obtained  the  best  results  with  tissues  twenty-four  hours 
after  death ;  the  tissues,  however,  must  have  been  kept  cool  Any 
one  who  has  had  the  privilege  of  studying  the  preparations  of 
-Urasch  cannot  but  have  been  impressed  with  the  beauty  of  speci- 
mens prepared  by  his  method. 

6.  Gold  Chloride  and  Chromic  Acid  (Zo^ossow-).— Place  the 
tissues  for  2-3  hours,  according  to  their  size,  in  i  per  cent,  gold 
chloride  acidulated  with  hydrochloric  acid  (i-ioo)  Wash  the 
tissues  with  water,  and  keep  them  in  the  dark  in  chromic  acid 
}°<T  to  per  cent.)  for  2-3  days.  Wash  out  the  chromic  acid 
tnoroughly. 


7.  Method  of  Ciaccio  is  good  for  the  termination  of  nerves  in 
.ornea  and  muscles.  Place  a  small  piece  of  tissue,  not  more  than  2 
cubic  mm.  in  size,  in  fresh  juice  of  lemon  (5  minutes) ;  wash  ;  place  in 


8o 


PRACTICAL  HISTOLOGY. 


I  per  cent,  solution  of  chloride  of  gold  and  cadmium  (30-60  minutes) 
in  the  dark.  Wash ;  then  in  i  per  cent,  formic  acid  (24  hours) 
in  the  dark,  and  then  for  1 2  hours  in  sunlight.  Finally  for  24  hours 
in  pure  formic  acid.    Wash.    Tease  and  mount  in  glycerine. 

F.  Double,  Treble,  or  Multiple  Stainings. 

It  is  possible  to  stain  a  section  so  that  the  several  parts  of  it  may 
be  differently  stained.  This  may  be  done  either  by  staining  succes- 
sively with  different  stains,  or  by  mixing  the  dyes  in  one  fluid,  and 
staining  the  section  with  the  mixture,  whereby  one  part  takes  up 
one  of  "the  dyes  and  another  part  one  of  the  other  dyes.  Thus  one 
gets  an  elective  and  differential  stain.  It  is  possible  thus  to  combine 
a  nuclear  stain  with  one  which  stains  only  the  protoplasm  of  the 
cells,  such  as  eosin  or  orange. 

Amongst  double  stains  are  the  following  : — 

1.  Picro-carmine  (p.  66),  one  of  the  most  valuable  we  possess, 
and"  which  we  owe  to  Ranvier ;  and  Picro-litho-carmine.  If  the 
section  is  to  be  mounted  in  glycerine  or  Farrant's  solution,  do  7iot 
loash  it  in  water.  If  it  is  to  be  mounted  in  balsam,  the  alcohol  in 
which  it  is  washed  should  contain  picric  acid— the  same  result  is 
obtained  by  using  clove-oil  Avith  picric  acid  dissolved  in  it— other- 
wise only  a  carmine  stain  is  obtained. 

2.  Carmine  and  Aniline  Blue. — Stain  a  section  in  borax-carmine, 
and' then  in  very  dilute  aniline  blue,  specially  useful  for  the  glands 
of  the  fundus  of  the  stomach.  In  other  tissues  the  nuclei  are  red 
and  the  perinuclear  parts  blue. 

3  HsematoxyHn  and  Eosin.— Haematoxylin  is  a  nuclear  stam, — 
the  'sections  are  first  stained  in  it,  and  then  in  eosin,  which  stains 
the  general  protoplasm  of  the  cell.    (See  also  p.  72.)  _ 

4.  Aniline-blue  and  Safranin  (G^arftm).— The  section  is  trans- 
ferred from  water. 
Manipulation. 

Aniline-blue  sol.  (.5  per  cent.),  2-4  minutes. 
Wash  in  water. 

Lithium  carbonate  (.5  per  cent.),  a  few  minutes. 
Hydrochloric  acid  (.5  per  cent.),  a  transparent  blue  colour 

is  produced. 
Wash  in  water. 

Safranin  (i  per  cent.),  10  minutes, 
Dehydrate  in  methylic  alcohol. 

Clarify  in  oil  of  cloves  (2  parts)  and  cedar-oil  (i  part). 
Xylol-balsam. 

This  is  especially  useful  for  some  of  the  sahvary  glands— thus  in 
the  sub-maxillary  one  set  of  cells  is  red,  the  other  blue;  m  the 
stomach  ttie  pari Jtal  cells  are  red  and  the  inner  blue  ;  the  epithehal 
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cells  of  the  villi  are  blue,  the  goblet  cells  reddish ;  in  a  hair-follicle 
the  sheath  of  Henle  is  an  intense  red,  and  the  sheath  of  Huxley- 
blue. 

5.  Ehrlich-Biondi-Heidenhain  Stain. 

Saturated  watery  solution  of  orange     .  .    loo  cc. 

I J  )i  acid  fuclisin        .  20 

))  .>  methyl-green      .      50  ,, 

To  get  complete  saturation  it  is  necessary  to  have  an  excess  of 
the  crystals  for  several  days.  Each  fluid  is  saturated  separately. 
Before  use,  the  solution  is  diluted  in  the  proportion  of  i  in  100  with 
water,  and  then  on  the  addition  of  acetic  acid  must  be  bright  red. 
It  is  better  to  obtain  the  mixture  from  Dr  Griibler. 
Application. 

(1.)  Harden  the  organ  in  corrosive  sublimate. 

(2.)  Stain  sections  in  the  dilute  solution  (12-24  hours). 

(3.)  Wash  quickly  in  90  per  cent,  alcohol, 

(4.)  Dehydrate  in  absolute  alcohol. 

(5.)  Xylol-balsam. 

It  is  especially  usefid  for  sections  containing  many  leucocytes, 
and  IS  best  used  for  paraffin  sections  fixed  on  a  slide.  Red  blood- 
corpuscles  are  stained  red,  resting  nuclei  blue,  mitotic  figures  and 
nuclei  o±  leucocytes  green-violet 

General  Eemarks  on  Staining. -Filter  the  staining  fluid. 
When  possible  use  a  zoeak  solution  of  the  dye,  and  thus  let  the 
sections  stain  sloioly  m  a  fairly  large  amount  of  the  fluid.  Place  a 
piece  of  blotting-paper  on  the  inside  of  a  large  watch-crlass  douv 
some  of  the  diluted  stain  into  the  watch-glass,  and  ^lace  the  ^^^^^^^^^^ 
Lh  otS  Tb  f""'^'^  lie  as  flat  as  possible,  and  not  overlap 
each  othei.  The  sections  may  be  moved  gently  in  the  fluid  bv 
means  of  a  needle.    Cover  the  watch-glass%vith  another  g?ass  of 

attached  t^n  .i.^'""'^^'?       '  ^  P^^^«  «f  moistened  blotting-paper 

Be  carefu/t^^  T  -,gly-rine  or  Farrant's  solutl 

^vhte  tTe  exe-  'l^'T"'"'"''-  '^"^  ''''''''  ^'^^«P*^       those  cases 

^^X:^7^^sj:z'''  '''"^ 

plated  i^lhetf  "'^'^""^  ^^-^ 

rap^dly^tain^?A'''  ""'^^  'I'?'''''''  '^'^^         ^t^^dent  should 
Piciiy  stain  his  sections  on  a  shde,  but  he  should  also  be  taught 

F 


82 


PRACTICAL  HISTOLOGY. 


to  practise  the  slower  method  of  staining  sections  in  very  dilute 

solutions  of  a  dye. 

There  is  one  method  of  staining  sections  Avhich  m.ay  be  prohtabiy 
impressed  upon  the  student,  viz.,  that  so  strongly  nisisted  upon  by 
^  Eanvier.     Suppose  any 

delicate  object — isolated 
epithelial  or  other  cells 
— to  be  mounted  in  a 
watery  medium ;  a  drop 
of  a  solution  of  picro- 
carmine  is  placed  at  one 
side  of  the  cover-glass. 
As  the  fluid  evaporates 
at  one  side  of  the  cover- 
glass  the  picro-carmine 
slowly  diffuses  under  the 
cover-glass   and  stains 
the   preparation.  Ex- 
posed to  the  air,  the 
preparation  would  soon 
become  dry.    This  must 
be  corrected.     This  is 
best  done  by  placing 
the  slides  to  be  stamed 
in  this  way  on  a  stage 
-with    several  shelves 


FIG.  47.-Support  of  Ranvier  for  Holding  SUdes  Placed 
under  a  BeU- Jar- 


(flg.  47),  tt=  wWe  bd.g  placed  on  a  plate  — ^^jf^ 
drops  of  water  and  covered  by  a  beii-jar. 

^'iteT'the  cells  are  stained,  glycerine  -y^^^  ^^^^nV- 
side  of  the  cover-glass,  with  the  same  P^^f  ^^^^^/^e^^^^^ 
that  the  preparation  can  be  finally  mounted  and  preserved  in 

glycerine. 

XIII -CLEARING  OB  CLARIFYING  REAGENTS. 

Glycerine,  r—  f^-^^Y^  ^^Z^M'^^sl^t: 

any  one  of  these  reagents  is  used  for  momiun^  pi  i 

other  clarifying  substance  is  used  ,,,pT,aration  is  to  be  mounted 
transparent. 
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The  following  substances  are  most  commonly  used  : — Oil  of 
cloves,  a  mixture  of  creosote  and  turpentiue,  turpentine,  creosote, 
xylol,  cedar-oil,  bergamot  oil,  lavender  oil,  origanum  oil,  &c. 

Oil  of  Cloves  has  this  advantage,  that  it  clarifies  rapidly  and 
does  not  evaporate,  so  that  sections  may  be  left  exposed  to  the  air  in 
it  for  some  time.  It  renders  the  sections  very  hard.  It,  however, 
IS  not  so  satisfactory  for  aniline  dye  specimens,  as  it  is  apt  to  abstract 
their  colour.^   Moreover,  it  becomes  yellow  with  age. 

Creosote  is  specially  useful  for  preparations  which  one  does  not 
desire  to  harden  in  alcohol ;  do  not  use  metallic  instruments. 

Creosote  and  Turpentine.— When  the  fluids  are  mixed  a  cloudi- 
ness appears,  but  this  disappears  on  keeping.  It  is  much  cheapcL 
than  clove-oil,  but  it  rapidly  evaporates  (one  part  creosote  to  four  of 
turpentine). 

Xylol  is  perhaps  the  best,  and  is  speciaUy  useful  with  aniline 
dyes.  In  these  cases  the  balsam— Canada  or  dammar— should  also 
be  dissolved  in  xylol. 

Cedar-Wood  Oil  clarifies  very  slowly.  It  does  not,  however, 
abstract  the  anilme  dyes,  and  is  used  for  special  purposes,  as  indi- 
cated in  the  context. 

Origanum  Oil  is  used  for  clarifying  sections  embedded  in 
celloidin. 

Xylol-Aniline  OU.— Equal  parts  of  xylol  and  aniline  are  used  for 
claritymg  sections  under  certain  conditions  without  the  previous  use 
of  alcohol.    (Weigert's  method.  Lesson  III ) 

CarboKc  Acid  and  Xylol.-A  mixture  of  i  part  of  carbolic  acid 
and  3  of  xylol  is  used  to  clarify  celloidin  sections  (p  47)  The 
section  can  be  taken  from  70  per  cent,  alcohol,  and  does' not  require 
to  be  further  dehydrated.  To  remove  the  water  from  the  mixture 
keep  in  the  bottom  of  the  bottle  containing  it  a  thick  layei  of 
previously-heated  copper  sulphate.  i^^Kiajeioi 

General  Remarks  -Although  several  essential  oils  are  used  for 
clarifying  purposes,  it  is  not  immaterial  which  one  is  used  Tlni 
orT,  Z"^  ^  ""'f       "^'''^^'''S  sections  stained  with  anima 

stain  n?      //'%^'"™^^'^^'  ^^^^^  inapplicable  for  aiXe 

staining,  as  it  dissolves  aniline  dyes.  ^uiuiue 

In  many  cases  the  result  may  be  obtained  more  ar-rduillv  hv 
using  a  mixture  of  half  alcohol  ami  half  essential  oil   °  ^  ^ 

wh^nX";ctn"f  f  'ff^""''  it  cannot  be  used 

To  lodion     of  nf  1        Z  f '  either  celloidin  or 

coiioaion.    Oil  of  bergamot  does  not  dissolve  celloidin 
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Scheme  for  Staining  (Garbini). 
Object. 


In  alcohol  (70  p.c). 


Embedding. 


Carmine. 
Acid  alcohol. 
Alcohol  (70  p.c.) 


Sections  in  celloidin. 


Alcohol  (90  p.c). 
Alcohol  (absolute). 


Oil  of  cloves. 

I 

Balsam. 


Sections  in  paraffin, 

I 

Turpentine. 


Absolute  alcohol. 


Alcohol  (70  p.c). 


Carmine,  Hcematoxylin.  Aniline  dye. 
Acid  alcohol.        Acid  alcohol. 


Water. 


"Water. 
Carb.  of  Lithia. 


Absolute  alcohol. 
Oil  of  cloves  or  bergnmot  oil. 


Xylol 


Balsam. 


MOUNTING  FLUIDS,  AND  METHODS. 
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XIV.— MOUNTING  FLUIDS,  AND  METHODS. 

The  fluid  chosen  will  depend  on  the  nature  of  the  tissue  and 
other  circumstances. 

1.  If  a  section  is  to  be  mounted  direct  from  water,  glycerine, 
Farrant's  solution,  or  glycerine  jelly  may  be  used. 

2.  If  a  section  is  to  be  mounted  in  balsam,  it  must  have  every 
trace  of  loater  removed  by  alcohol,  and  the  alcohol  must  be  dis- 
placed by  one  of  the  clarifying  reagents — xylol,  clove-oil,  &c. — 
already  mentioned. 

Glycerine. — Pure  glycerine  is  only  used  for  such  tissues  as 
have  been  previously  hardened.  In  the  case  of  tissues — delicate 
tissues  which  have  not  been  previously  hardened  or  fixed — the 
direct  application  of  pure  glycerine  would  injure  them.  In  this 
case,  the  best  way  is  to  mount  the  object  in  normal  saline,  and  at 
one  edge  of  the  cover-glass  to  place  a  drop  of  a  mixture  of  equal 
parts  of  glycerine  and  water.  Put  the  preparation  in  a  plate 
covered  by  a  bell-jar — an  extempore  moist  chamber.  The  glycerine 
slowly  penetrates  as  the  water  evaporates. 

Some  tissues  are  rendered  too  transparent  by  glycerine,  and, 
moreover,  it  is  very  difficult  to  seal  up  and  keep  tight  glycerine 
preparations. 

Glycerine  and  Formic  Acid.— This  is  sometimes  used,  especially 
for  picro-carmine  preparations.  It  is  made  by  adding  formic  acid 
to  dilute  glycerine  (i  per  cent.). 

Farrant's  Solution. — This  is  for  many  preparations  far  more 
serviceable  than  glycerine,  as  it  does  not  render  some  tissues  so 
transparent  as  glycerine,  and  the  preparations  can  be  easily  sealed 
up  or  "  ringed." 

Preparation  {Hamilton's  receipt).— Kake  a  saturated  solution 
of  arsenious  acid  in  water  by  boiling.  After  standing  for  twenty- 
four  hours  filter.  Take  equal  quantities  of  water,  glycerine,  and 
arsenious  water,  and  to  the  mixture  add  picked  gum-arabic. '  Let 
the  latter  dissolve  until  a  thick  syrupy  fluid  is  obtained,  which  takes 
about  a  week  at  an  ordinary  temperature,  but  it  must  be  stirred 
frequently.  Filter  slowly  through  filter-paper,  which  must  be  fre- 
quently changed. 

Glycerine  JeUy.— Melt  it  in  hot  water,  place  a  drop  on  the 
section,  apply  a  cover-glass,  and  gently  press  it  down.  It  gelatinises 
in  a  lew  minutes. 

Canada  Balsam.— Place  some  Canada  balsam  in  a  capsule  or 
wicle-mouthed  bottle  near  a  fire  or  in  a  warm  chamber  (65°  C.) 
until  It  becomes  hard.  Let  it  cool.  This  dry  balsam  is  to  be  dis- 
solved in  some  medium.  Some  use  chloroform,  others  benzol, 
others  a  mixture  of  both,  or  turpentine  as  a  solvent.    In  any  case, 
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-Capped  Bottle  for 
Balsam. 


the  solvent  is  added  until  a  fairly  thin  fluid  is  obtained.  Perhaps 
the  best  solvent  of  aU  is  xylol.  It  requires  nearly  twice  its  volume 
of  xylol.    Filter  through  paper.    The  balsam  should  be  kept  m  a 

"capped"  bottle  (fig.  48)  instead  of  a 
stoppered  one.  If  it; gets  too  thick,  add  a 
little  xylol. 

Dammar  Lac  {Klein). 

Gwm  dammar  .  .  .  li  oz. 

Gum  mastic    .  .  •  i 

Turpentine      .  .  .  2  ,, 

Chloroform     .  .  .  2  ,, 

Dissolve  the  dammar  in  the  turpentine, 
and  filter;  the  mastic  in  the  chloroform, 
and  filter.  Mix  the  two  solutions  and 
filter  again. 

There  must  be  no  moisture  in  the 
bottles,  and  the  mixture  must  be  kept  in 
"  capped  "  bottles,  else  the  chloroform  will 
evaporate. 

Xylol-Balsam. — Dry  ordmary  Canada 
balsam  in  a  sand-bath,  to  drive  off  all  the 
moisture,  and  until  it  becomes  vitreous. 
If  it  be  spread  out  in  a  thin  layer  in  a  tin 
vessel,  this  is  usually  accompUshed  in  two  hoiu-s  or  so,  but  the 
balsam  must  not  be  overheated  or  change  its  colour  and  become 
brown.  Dissolve  the  dried  balsam  in  an  equal  volume  of  xylol. 
Perhaps  this  is  the  best  form  of  balsam  to  use. 

Balsam,  when  prepared,  should  be  kept  in  a  glass  bottle  with  a 

ground-glass  cap.  . 

To  Place  a  Section  on  a  Slide.— By  far  the  most  convenient 
method  is  to  place  the  section  in  a  basin  of  water.  Hold  the  slide 
perpendicularly  by  the  edges  in  the  left  hand,  plunge  the  slide  into 
the  water  until  it  is  about  three-fourths  immersed,  and  with  a 
mounted  needle  pull  the  section  on  to  the  slide,  and  at  the  same 
moment  raise  the  latter  out  of  the  water.  The  section  adheres  to 
the  glass,  and  if  it  be  folded  at  one  end,  dip  this  end  in  the  water, 
when  it  floats  out  quite  fiat.  Do  not  attempt  to  spread  out  the 
folds  on  the  slide  by  means  of  a  needle.  «-  j 

Hold  the  slide  vertically  to  allow  the  water  to  dram  off,  and 
remove  with  a  rag  or  well-washed  cloth  the  remainder  of  the  water 
close  UD  to  the  section.  ...  ,  . 

It  may  be  stained  on  the  slide.    After  the  stammg  is  complete, 
remove  the  surplus  dye  by  means  of  bibulous  paper  taking  care 
however,  that  the  section  itself  does  not  adhere  to  the  absorbent 
paper. 
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If  the  section  is  to  be  mounted  in  glycerine  or  Farrant's  solution, 
add  a  drop  of  either  of  these  reagents  and  apply  a  cover-glass. 

//  the  section  is  to  he  mounted  in  balsam,  remove  as  much  as 
possible  of  the  surplus  water  or  dye,  as  the  case  may  be,  and  pour 
methylated  spirit  upon  the  section.  Allow  it  to  remain  on  the 
section  for  a  minute  or  so,  and  drain  it  off  at  one  end  of  the  slide. 
Apply  fresh  methylated  spirit  again,  and  finally  absolute  alcohol. 
This  is  done  to  secure  complete  dehydration.  The  frequent  and 
prolonged  application  of  strong  spirit  removes  all  the  water. 

Eemove  as  much  of  the  spirit  as  possible,  but  do  not  allow  the 
section  to  dry.    It  is  now  ready  to  be  cleared  up. 

With  a  brush  insinuate  a  drop  of  the  clarifying  reagent — clove- 
oil  or  xylol — under  one  corner  of  the  section,  and  allow  the  xylol  to 
flow  ziTider  the  whole  of  the  section.  It  will  gradually  diffuse  into 
the  tissue ;  and  if  the  process  be  watched  under  the  microscope 
with  a  low  power,  the  section  will  be  seen  to  become  gradually 
more  transparent,  while  the  spirit  will  be  seen  as  fine  globules 
driven  out  into  the  essential  oil.  The  success  of  the  process 
depends  on  complete  removal  of  the  water  by  spirit,  and  the  complete 
removal  of  the  latter  by  the  essential  oil  used  as  the  clarifying  re- 
agent. If  any  opacity  remains,  and  it  looks  milky  or  like  an 
emulsion,  there  has  been  either  water  or  spirit,  or  both,  left  in  the 
section. 

More  of  the  essential  oil  is  placed  on  the  section,  so  that  it  is 
completely  bathed  in  it  and  rendered  quite  clear  by  it.  Pour  off 
the  superfluous  oil,  remove  the  surplus  close  up  to  the  edge  of  the 
section,  add  a  drop  of  balsam,  apply  a  cover-glass,  and  the  process 
is  complete. 

In  some  cases  it  is  convenient  to  put  the  drop  of  balsam  on  the 
cover-glass,  and  then  to  invert  this  on  the  clarified  preparation. 

In  all  cases  where  it  is  directed  to  mount  in  balsam,  this  process 
must  be  gone  through,  viz. — 

(1.)  Stain  the  section. 

(2.)  "Wash  it  in  water. 

(3.)  Treat  the  section  with  strong  alcohol  (96  per  cent.)  to  remove 
water  (3-5  minutes). 

(4.)  Absolute  alcohol  (3-5  minutes). 

(5.)  Clarify  with  an  essential  oil  to  remove  all  the  alcohol. 

(6.)  If  the  section  be  not  on  a  slide  already,  place  it  on  a  slide  by 
means  of  a  lifter.    Eemove  surplus  oil  with  blotting-paper. 

(7.)  Add  balsam,  cover  the  section  with  a  cover-glass. 

(8  )  If  desired,  the  hardening  of  the  balsam  may  be  hastened  by 
gently  warmmg  the  preparation  on  a  water-bath. 

Sometimes  it  is  not  convenient  to  stain,  dehydrate,  and  clarify  a 
section  on  a  slide.    In  this  case  the  sections  are  stained,  dehydrated. 
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and  clarified  in  watch-glasses,  the  sections  being  transferred  from 
one  fluid  to  the  other,  and  finally  to  the  slide  by  means  of  a  "  lifter  " 
(p.  3). 

Sometimes  the  one  method  is  adopted,  sometimes  the  other. 

To  Clean  a  Microscopic  Preparation. — Any  excess  of  halsam 
round  the  edge  of  a  preparation  may  be  moved  with  a  cloth  dipped 
in  benzol. 

In  the  case  of  a  preparation  mounted  in  glycerine,  any  excess  of 
the  latter  must  be  removed  with  great  care,  otherwise  the  cement 
will  not  adhere  to  the  glass. 

With  preparations  mounted  in  Farrant's  solution,  leave  them  in 
an  airy  dry  place  for  ten  days  or  longer ;  this  gives  the  medium 
time  to  harden  at  the  edges,  and  fixes  the  cover-glass  pretty  firmly 
to  the  shde.  Place  the  slide  in  a  basin  of  water,  and  with  a 
camel's-hair  brush  brush  away  from  the  edge  of  the  cover-glass 
every  trace  of  the  medium.  There  is  no  fear  of  disturbing  the 
cover-glass.  Lave  the  slide  in  fresh  water,  and  then  wipe  it 
thoroughly  dry.  It  is  better  to  wash  a  number  of  slides  at  a 
time. 

To  cement  or  "  Ring"  the  Specimens. 

Balsam  Preparations  need  not  be  touched.  They  keep  perfectly 
without  being  covered  in  by  coating  the  edge  of  the  cover-glass 
with  an  adhesive  and  resistant  cement.  If  it  be  desired  to  cement 
them,  a  thin  coating  of  HoUis's  glue  must  first  be  applied,  and  after 
it  is  dry  the  cement  is  laid  on  as  directed  for  preparations  mounted 

in  Farrant's  solution.  .     j.  -ui 

To  Eing  a  Slide.— The  slide  should  be  fixed  on  a  turntable, 

the  centre  of  the  circular  cover-glass  corresponding  to  the  centre  of 

the  brass  disc  of  the  table.    The  slide  is 

fixed  in  position  by  means  of  two  brass 

clips  (figs.  49,  a,  I,  50). 

For  Farrant's  preparations  or  glycerine 

preparations,  lay  on  a  ring  of  white  zinc 

cement  with  a  goat's-hair  brush.    The  disc 


Fig.  49.— Turntable  for  Ringing  Slides. 


Fig.  50.— Showing  how  Slide 
is  to  be  centred  on  the 
Turntable. 


is  made  to  revolve  with  the  fore-finger  of  the  left  hand,  but  not  too 
quickly,  and  a  coating  of  the  cement  is  laid  on  evenly.  The  fore- 
finger is  applied  to  the  smaller  disc  (c). 
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The  turntable  should  be  heavy  and  mounted  on  a  pin-point 
centre-piece.  The  brushes  must  not  be  too  large,  and  should  be 
washed  immediately  after  use  in  the  same  fluid  as  is  used  to  dis- 
solve the  cement.  Thus,  for  zinc-white  the  brush  is  to  be  washed 
in  benzol  or  xylol,  and  for  gold-size  in  turpentine,  and  for  Farrant's 
solution  in  water. 

White  Zinc  Cement. — Dissolve  3  oz.  of  dammar  in  3  oz.  of 
benzol,  and  add  200  grains  of  finely-ground  oxide  of  zinc.  Mix  the 
whole  thoroughly,  and  strain  through  several  folds  of  muslin.  It  is 
perhaps  more  convenient  to  purchase  the  cement. 

Mounting  Block. — It  is  important  that  the  section  be  placed 
in  the  centre  of  the  shde.  As  a  guide  for  this  purpose,  cut  a 
piece  of  paper  the  size  of  the  slide,  and  draw  diagonal  lines  from 
corner  to  corner  of  it ;  they  will  intersect  in  the  centre.  Or  the 
piece  of  paper  may  be  gummed  by  means  of  HoUis's  glue  between 
two  slides. 


XV.— INJECTINa  BLOOD-VESSELS  AND 
GLAND-TUBES. 

Transparent  Injection  Masses.— At  the  present  time,  histologists 

use  transparent  injections,  consisting  of  a  vehicle — which  may  be 

water,   glycerine,    or   gelatine — and   a  colouring   matter.  Most 

commonly  gelatine  is  used  as  a  vehicle.  The  colouring  matter  of 

most  red  injections  is  carmine.  In  this  case,  the  secret  is  to  have 
the  mass  as  neutral  as  possible. 

1.  Carter's  Carmine  Injection. 


Carmine  .  .  .  .  .       i  dr. 

Strong  solution  of  ammonia     .  .  .       2  fl.  drs. 

Glacial  acetic  acid        .  .  .  .86  mius. 

Solution  of  gelatine  (i  to  6  water)  .  .       2  oz. 

Distilled  water  .  .  .  •  li,, 


Rub  up  the  carmine  with  a  little  Avater  in  a  mortar,  add  the 
remainder  of  the  water,  and  then  add  the  ammonia,  and  stir  until 
the  carmine  is  dissolved.  Add  the  glacial  acetic  drop  by  drop, 
stirring  thoroughly.    Add  the  gelatine  solution,  and  stir  briskly. 

2.  Eanvier's  Method.— The  following  method  yields  excellent 
results._  Mix  2-5  grms.  of  pure  carmine  with  a  little  distilled 
water  in  a  stoppered  bottle,  and  add  ammonia  solution,  drop  by 
drop,  until  the  carmine  is  dissolved,  which  occurs  when  the  liquid 
becomes  transparent.    Shake  up  the  liquid  to  get  it  homogeneous. 

Weigh  5  grms.  of  dry  Paris  gelatine  (Coignet's),  and  place  it  in 
distilled  water  for  one  hour.  At  the  end  of  this  time  it  is  swollen 
up  and  soft.    Remove  it  from  the  water,  v/ash  it  in  water,  and 
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place  it  in  a  beaker  in  a  water-batli.  When  the  gelatine  is  dissolved 
by  the  Avater  which  it  has  absorbed,  add  to  it— stirring  vigorously— 
the  solution  of  carmine,  which  yields  an  ammoniacal  solution  of 
carmine  in  gelatine. 

When  the  carmine  mixture  is  on  the  water-bath  make  a  solution 

of— 

Distilled  water  .....       2  parts. 
Glacial  acetic  acid        .  .  .  .       i  part. 

Pour  the  acid  drop  by  drop  into  the  mass,  stirring  thoroughly 
all  the  time  with  a  glass  rod.  The  acid  is  to  neutralise  the  excess 
of  ammonia.  This  requires  great  attention.  It  is  by  the  odour 
that  one  recognises  when  the  fluid  is  neutralised.  As  the  acid  is 
added  the  ammoniacal  odour  diminishes,  and  there  is  at  last  a 
faint  acid  odour.  This  is  the  moment  to  stop  adding  the  acid. 
Towards  the  end  of  the  operation  it  is  best  to  dilute  the  acid 
somewhat. 

Filter  the  mass  through  neto  flannel. 

3.  Carmine  Gelatine  Mass  {Carter's)  (Fearnley's  method). 


Carmine 
Strong  ammonia 
Glacial  acetic  acid 
Coignet's  French  gelatine 
Water 


3  grams. 
6  cc. 

6  „ 

7  grms. 
80  cc. 


Cut  up  the  gelatine  into  small  pieces  and  place  it  in  50  cc.  of 
the  water  to  swell  up,  i.e.,  for  four  or  five  hours.  Eub  up  the 
carmine  in  a  mortar  with  a  little  water  and  add  the  ammonia. 
Let  it  stand  for  two  hours  and  then  pour  it  into  a  bottle,  rmsmg 
the  mortar  with  the  remainder  of  the  water.  Place  the  swollen- 
up  gelatine,  and  any  remaining  water  unabsorbed  by  i*,  on  a 
water-bath  until  it  melts.  To  the  dark  purple  carmine  fluid  add 
the  acid  (a  few  drops  at  a  time),  mixing  the  two  thoroughly,  and 
as  soon  as  the  fluid  changes  to  a  crimson  stop  adding  the  acid,  io 
the  melted  gelatine  add  the  crimson  carmine  little  by  little  and 
keep  stirring  all  the  time. 

This  mass  may  be  kept  in  a  cool  place  for  a  long  time  it  its 
surface  be  covered  with  methylated  spirit.  Before  using  it, 
dissolve  it  on  a  water-bath,  and  filter  it  through  fine  flannel 
wrung  out  of  hot  water.  The  best  gelatine  to  use  is  French 
gelatine— Coignet's.  j 

4  Blue  Mass.— The  mass  is  made  with  gelatine  coloured  with 
soluble  Prussian  blue  or  Brlicke's  blue.  It  is  very  difficult  to 
obtain  a  pure  sample  of  Briicke's  blue,  but  this  can  novy  be  had 
from  Dr.  Griibler  of  Leipzig.    Use  a  saturated  watery  solution  ot 

Brlicke's  blue.  .  ^,         ,  , 

Weigh  5  grms.  of  gelatine,  and  treat  it  exactly  as  described 
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for  the  carmine  mass  of  Ranvier.  Take  125  cc.  of  the  blue  solution 
and  heat  it  on  a  water-bath,  and  when  the  gelatine  is  fluid  and 
still  on  the  water-bath,  add  the  warm  blue  solution  in  a  small 
quantity  at  a  time  and  stir  briskly.  The  glass  rod  should  show  no 
granules  on  it  when  it  is  withdrawn  from  the  mass.  Pilter^  the 
mass  through  new  flannel.  Even  the  best  gelatine  gives  a  precipitate 
at  first,  but  it  disappears  with  heat. 

Other  injection  masses  are  used,  e.g.,  a  watery  solution  of 
Brlicke's  blue,  or  gelatine  and  silver  nitrate.  These  are  referred 
to  in  the  text. 

Brass  Syringe. — Many  good  injections  have  been  made  with  a 
brass  syringe.  The  syringe  should  have  a  long  barrel,  and  be 
Avarmed  by  repeatedly  sucking  up  hot  water  before  the  injecting 
fluid  is  drawn  into  it.  When  the  injection  mass  is  forced  into 
the  blood-vessel,  the  pressure  should  be  applied  steadily,  and  should 
not  be  so  great  as  to  rupture  the  small  blood-vessels. 

When  the  blood-vessels  of  an  animal  are  to  be  injected,  deeply 
narcotise  an  animal  with  chloroform,  e.g.,  a  rabbit  or  a  rat ;  make 
a  vertical  incision  through  the  skin  from  the  lower  part  of  the 
neck  to  the  ensiform  cartilage,  cut  through  the  sternal  cartilages, 
turn  up  the  breast-bone,  and  pull  the  sides  of  the  thorax  apart 
to  reveal  the  contents  of  the  chest.  Open  the  pericardium  and 
make  a  snip  into  the  right  ventricle.  Tie  a  ligature  round  the 
upper  part  of  the  sternum  to  prevent  escape  of  the  injection 
through  divided  vessels.  Wash  the  blood  out  of  the  chest.  Snip 
ofi'  the  apex  of  the  heart,  whereby  the  cavity  of  the  left  ventricle 
is  opened  into. 

Insert  a  cannula  into  the  left  ventricle  and  push  its  nozzle  into 
the  aorta.  Tie  it  firmly  into  the  aorta  with  a  stout  thread. 
Place  the  animal  in  a  bath  in  warm  water  at  40°  C.  If  a  syringe 
is  to  be  used,  by  means  of  a  pipette  fill  the  cannula  with  the 
injecting  mass,  and  attach  the  syringe  and  force  the  mass  onwards 
into  the  blood-vessels.  This  is  done  by  slow,  steady  pressure. 
It  takes  fifteen  or  twenty  minutes  to  make  a  good  injection. 
Any  sudden  increase  of  pressure  is  apt  to  cause  rupture  of  blood- 
vessels and  consequent  extravasation  of  the  injection  mass.  We  can 
judge  when  a  part  is  well  injected  by  the  colour  of  semi-trans- 
parent parts,  such  as  the  gums  or  the  skin.  They  must  be  deeply 
coloured  by  the  injection  mass  if  the  injection  is  successful. 

Continuous  Air  Pressure.— Most  frequently  injections  are  now 
made  by  continuous  air  pressure.  The  apparatus  used  should  consist 
of  a  tin  trough  sufficiently  large  to  contain  the  animal  to  be  injected, 
and  contain  sufficient  water  to  cover  it.  The  water  is  kept  at 
40°  C.  by  means  of  a  gas-burner  or  spirit-lamp.  In  the  same  trough 
are  placed  the  injection  masses  in  WoWs  bottles.    Each  Wolff's 
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bottle  is  connected  to  a  large  air-chamber  into  whicli  water  can  flow 
from  the  water-tap,  and  thus  compress  the  air.  The  pressure  within 
this  cylinder  can  be  registered  by  means  of  a  manometer.  The  com- 
pressed air  acts  on  the  surface  of  the  injection  mass  in  the  Wolff's 
bottle,  and  forces  it  through  a  tube  which  is  attached  to  the  cannula 
fixed  in  the  aorta.  The  large  cylinder  for  the  compressed  air  may  be 
made  of  tin,  or  one  of  the  large  stone  jars  used  by  spirit  merchants, 
or  a  carboy  may  be  used. 

After  the  tissues  are  injected,  they  should  be  cooled  rapidly  by 
being  placed  in  running  water.  After  the  mass  is  completely  set 
the  injected  organs  are  cut  into  smaU  pieces  and  hardened  in 
alcohol. 

The  methods  of  interstitial  injection  of  fluids  and  the  puncture 
methods  are  referred  to  in  the  text. 


XVI  —EXAMINATION  OF  FRESH  TISSUES  AND 

FLUIDS. 

In  examining  a  fresh  tissue  or  organ  snip  off  a  small  part  with 
scissors  and  tease  it  in  normal  saline,  or  one  of  the  indifferent  fluids 
mentioned  in  Chapter  III.  A  convenient  plan  with]  some  organs, 
e.g.,  lymphatic  gland  or  liver,  is  to  make  a  fresh  cut  and  scrape 
the  surface  with  the  blade  of  knife,  and  then  examine  the  scrapmgs. 

If  it  be  desired  to  study  the  tissue  elements,  it  may  be  placed  in 
one  of  the  macerating  media  mentioned  in  Chapter  IV.,  the  parti- 
cular fluid  selected  depending,  of  course,  on  what  object  is  sought 
to  be  obtained. 

If  it  be  desired  to  render  certain  parts  of  the  tissue  more  trans- 
parent, it  may  be  examined  in  glycerine. 

Again  acetic  acid  (1-2  per  cent.)  may  be  added  to  a  fresh  tissue. 
It  has  the  double  action  of  making  connective  tissue  swell  up 
and  become  transparent,  thus  making  nuclei  more  evident,  while  it 
also  shrivels  the  latter  somewhat.  Albuminous  granules  are  dis- 
solved by  it,  while  oil  globules  are  not,  so  that  it  may  be  useful 
occasionaUy  in  determining  the  nature  of  the  granules  in  proto- 
plasm Elastic  fibres  are  not  affected  by  it,  and  thus  can  readily 
be  distinguished  from  the  white  fibres  of  connective  tissue.  Groups 
of  micro-cocci  are  also  not  affected  by  it.  ^,  .   .  ■, 

The  tissue  may  be  stained  by  acetic  fuchsm.  This  is  made  as 
follows — To  a  2  per  cent,  solution  of  acetic  acid  add  sutticient 
fuchsin'to  give  a  saturated  red  colour  {Kahlden).  This  reagent  not 
onlv  makes  the  nuclei  visible,  but  it  stains  them  as  well. 

Sometimes  a  weak  watery  solution  of  iodine  makes  the  outhnes  ot 
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tissue  elements  more  distinct.  It  is  used  in  the  form  known  as 
Lugol's  Solution  diluted  with  water. 


Iodine  . 
Potassic  iodide 
Water  . 


I  part. 


2 

ICO 


Weak- Alkalies  (1-3  per  cent.)  dissolve  most  tissues  with  the 
exception  of  elastic  fibres,  pigment,  fat,  and  bacteria. 

The  vapour  of  osmic  acid  or  the  fluid  itself  (i  per  cent.)  may  be 
used.    It  blackens  fatty  particles. 

Finally,  the  tissue  may  be  stained  by  means  of  a  watery  solution 
of  methyl-green,  methyl-violet  5B,  acetic  fuchsin,  or  methylene-blue 
in  the  form  of  Loffler's  Methylene-blue. 


Concentrated  alcoholic  solution  of  methylene  blue 
Caustic  potash  (o.  10  p. c). 


30  ec. 
100  „ 


Scheme  for  Living  or  Fresh  Objects. 

Harden  the  pieces  (§  IV. 


Stain  in  bulk. 


Embed  (§  IX.). 
Make  sections. 


Fix  on  slide  (§  XL). 


Stain  the  sections  (§  XII.). 


Clarify  sections  (§  XIII.). 


Mount  sections. 
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Fresh  Fluids  with  Suspended  Particles. — In  the  examination  of 
a  fluid  for  suspended  particles,  e.r/.,  bacteria,  such  as  cells,  membranes, 
&c.,  especially  if  these  be  few  in  number,  it  is  well  to  place  it  in  a 


I. 


Fig      —Hand  Centrifuge  made  l)y  Mueiicke,  luisen-strasse,  58,  Berlin,  N. 

It  costs  £3,  10s. 


conical  glass  and  allow  the  deposit  to  subside.  It  can  then  be 
removed  with  a  glass  pipette.  ,  jj 

Centrifugal  Apparatus.— To  collect  the  sediment  or  suspended 
particles,  a  centrifugal  apparatus  is  most  useful.  By  means  of  it 
the  deposit  can  readily  be  collected  at  the  bottom  of  a  test-tube. 
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Fig.  51  shows  a  form  of  hand-centrifuge  devised  by  Litten  1  and 
Muencke  of  Berlin.  The  figure  is  reduced  to  i  the  natural  size. 
One  revolution  of  the  wheel  E— its  teeth  fit  into  the  thread  of  the 
vertical  axis  S— causes  50  revolutions  of  the  disc  M  with  the  4  glass 
tubes  G.  The  wheel  can  readily  be  turned  100  times  per  minute, 
which  gives  5000  revolutions  per  minute  for  the  disc.  Fig.  II.  shows 
the  disc  in  full  rotation,  and  fig.  III.  the  form  of  glass  vessel  used. 

By  means  of  this  instrument,  corpuscles  of  light  specific  gravity, 
such  as  blood-corpuscles,  albumen,  micro-cocci,  as  well  as  crystals, 
e.g.  oxalates,  can  readily  be  obtained  in  the  form  of  a  sediment,  and 
it  is  therefore  especially  useful  for  the  investigation  of  the  deposits  in 
urine  and  exudations.  It  is  also  very  useful  for  obtaining  tubercle 
bacilli  from  sputum. 

Synoptical  Statement. 

Processes  required  for  Preparing  a  Specimen  for  Microscopic  Ex- 
amination, e.g.,  the  Spinal  Cord  of  a  Dog  or  Cat  (Garbini). 

Cut  the  cord  into  pieces  about  2  centimetres  in  length,  wash  them 
in  normal  saline  to  remove  all  blood.    Place  them  in 


1. 
2. 

3. 
4. 
5. 
6. 

7. 
8. 
9. 
10. 

11. 

12. 
13. 


U. 


Bichromate  of  potash  (2  p.c.) 
Wash  in  running  water 
Alcohol  (50  p.c.) 

„     (70  p.c.) 

„     (90  p.c.) 

,,  (absolute) 

In  xylol  or  chloroform 
In  paraffin  on  warm  bath  . 
Embed  in  paraffin. 
Cut  sections  with  microtome,  and  fix  them  on  a  slide 
with  fixative. 

Eemove  paraffin  by  washing  in  toluol  or  turpentine,  and 
then  in  absolute  alcohol  to  remove  essential  oil. 


.10  days 
12  hours 
I  day 
4  days 
I  day 
I  day 

12  hours 
6-8  hours 


bo 

a 


bO 

a 


bo 


Place  in  70  p.c.  alcohol. 

Stain  in  strong  carmine 
or  hsematoxylin  (5-15 
minutes). 

"Wash  in  water,  then  in 
70  p.c.  alcohol,  and  de- 
hydrate in  absolute  alco- 
hol (5-10  minutes). 


c3 

a 

a 

m 

03 

>^ 

i3 

e3 

bD 

bo 

a 
'.B 

m 
t> 

S 

t-i 
0 

02 

12.  Place  in  distilled  water. 

13.  Pour  on  a  few  drops  of 

the  aniline  dye  (3-5 
minutes.) 

14.  Wash  in  water  and  then 

in  absolute  alcohol  until 
the  section  has  the  de- 
sired tint. 


1  DeiUsch.  mcd.  Wochcnsch.,  No.  23, 1891. 
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15.  After  removing  surplus  alcohol,  pour  on  a  few  \  Dehydra- 

drops  of  essential  oil  (origanum,  xylol).  V   tion  and 

1 6.  Remove  oil  and  mount  in  xylol-balsam.  j  mounting. 

N.B. — In  making  a  balsam  preparation,  the  sections  must  always 
pass  through  four  groups  of  fluids. 

I   >  2  >  3   >  4 

"Watery  liquid — Alcohol — Essential  oil — Balsam 
I  <  2  <  3  <  4 

Never  take  an  object  from  one  group  to  another  of  the  series 
without  passing  it  through  the  intermediate  group;  it  must  be  passed 
from  the  ist  to  the  4th,  and  on  the  return  from  the  4th  to 
the  ist. 


PART  II. 


LESSON  I. 

MILK,  GRANULES,  FIBRES,  AND  VEGETABLE 

ORGANISMS. 

1,  Examine  the  Microscope,  the  objectives,  and  the  eye-pieces. 

(a.)  Select  the  objective  and  ocular  required.  For  a  high  power 
(H),  if  a  Zeiss'  microscope  be  used,  select  the  objective  D  and  the 
ocular  2  ;  if  Hartnack's,  the  objective  No.  7  and  the  eye-piece  III. 
See  that  the  lenses  are  clean.  Place  the  ocular  in  the  tube,  and 
screw  the  H  lens  to  the  lower  end  of  the  tube,  and  leave  it  half  an 
inch  above  the  level  of  the  stage.  For  a  low  power  (L)  use  No.  2 
ocular  of  Zeiss  or  III.  of  Hartnack,  and  objective  A  or  No.  3 
respectively.  In  using  a  low  power,  the  lens  must  be  inches 
above  the  stage  to  begin  with. 

(6.)  With  the  microscope  in  front  of  you,  with  high-power  lens 
on  it,  arrange  the  concave  side  of  the  mirror  under  the  stage  so  as 
to  reflect  a  beam  of  light  up  the  tube  of  the  microscope  into  the  eye, 
looking  in  at  the  ocular.  Turn  the  sub-stage  diaphragm  until  a 
small  aperture  in  it  is  under  the  aperture  in  the  centre  of  the  stao-e. 
If  any  specks  are  visible  on  looking  through  the  microscope,  rotate 
the  ocular ;  if  they  move,  of  course  they  are  on  the  ocular  itself. 
Clean  the  outer  surfaces  of  the  lenses  of  the  ocular  with  a  piece  of 
clean  wash-leather,  which  should  be  kept  tied  to  the  microscope  and 
used  for  no  other  purpose  than  cleaning  the  lenses.  Eeplace  the 
ocular,  and  if  specks  are  still  present  and  move  when  the  ocular  is 
moved,  they  must  be  on  the  inner  surface  of  the  eye-glass  or  field- 
glass  of  the  latter.  This  is  easily  determined  by  rotating  the  eye- 
glass of  the  ocular  alone,  while  looking  through  the  microscope,  and 
observmg  if  the  specks  do  or  do  not  move  with  it.  Clean  the  inner 
surfaces  of  these  lenses.  A  general  dimness  indicates  that  the  objec- 
tive itself  is  dirty.  The  light  used  should  not  be  direct  sunlight, 
but  preferably  light  reflected  from  a  white  cloud. 
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The  rule  with  regard  to  the  use  of  the  diaphragm  must  never  be 
neglected,  viz.,  to  use  a  small  aperture  with  a  high  power,  and  a 
large  aperture  with  a  low  power. 

2.  Clean  a  Slide  and  Cover-Glass. 

(a.)  The  Slide.— Seize  the  slide  by  its  edges  with  the  thumb  and 
forefinger  of  the  left  hand,  dip  one  half  of  it  into  Avater,  withdraw 
it,  and°with  a  clean  old  handkerchief  rub  both  wetted  surfaces  at 
once  until  they  are  clean  and  dry.  Reverse  the  slide,  still  holding 
it  by  its  edges,  and  dip  the  other  end  in  water,  and  clean  its  surfaces 
as  before.  Lay  the  slide  upon  some  clean,  suitable  background, 
white  or  black  paper,  or  on  the  photophore. 

(6.)  The  Cover-Glass. — Sometimes  the  covers  Tiave  a  thin  film  on 
them  ;  this  may  be  got  rid  of  by  placing  them  in  strong  sulphuric 
acid,  and  subsequently  removing  every  trace  of  acid  by  water.  Dip 
the  cover-glass  in  water,  take  it  between  two  folds  of  a  handkerchief 
held  between  the  thumb  and  forefinger  of  the  right  hand,  and  rub 
both  surfaces  at  once.  After  it  is  cleaned,  do  not  lay  it  flat,  but 
tilt  it  up  against  some  convenient  object.  / 

The  first  lesson  is  devoted  to  the  examination  of  a  few  simple 
objects— some  of  which  are  occasionally  found  as  foreign  bodies  in 
microscopical  preparations— with  a  view  to  familiarise  the  student 
with  the  use  of  the  microscope.  ^  * 

3.  Milk.— By  means  of  a  glass  rod,  place  on  the  centre  of  the 
slide  a  small  drop  of  milk  diluted  with  three  or  four  volumes  of 
water.    To  find  the  centre  of  the  slide,  use  the  mounting  block 

^"^'Iplli  a  Cover-Glass.— Seize  the  cover-glass  by  the  edge  by  means 
of  a  pair  of  forceps  with  broad  points.  The  pattern  shown  in  fig. 
6  is  convenient.  The  edge  of  the  cover-glass  opposite  to  the  forceps 
is  allowed  to  touch  the  slide  close  to  the  drop  of  fluid,  the  edge 
opposite  being  gradually  and  evenly  lowered  by  depressing  the 
forceps  until  the  fluid  touches  the  under  surface  of  the  cover-glass. 
By  lowering  the  cover-glass  thus  gently  and  obliquely  the  entrance 
of  air-bubbles  is  avoided.    Place  the  object  on  the  stage  right  under 

^^^^Focmthe  Object  (H).— The  objective  is  still  half  an  inch  above 
the  stage.  While  looking  into  the  eye-piece  of  the  microscope, 
seize  the  tube  of  the  latter  between  the  thumb  and  adjoining  fingers 
of  the  right  hand,  and  with  a  screwing  or  twisting  movement  of 
the  tube  from  left  to  right,  gradually  depress  «ie  tube  until  the 
outlines  of  the  object  are  indistinctly  seen.  This  is  the  coai.e 
adjustment.  The  focussing  process  is  facditated  by  keeping  thj 
slide  and  object  moving  slightly.  This  can  readily  be  done  by 
rnoving  the  slide  with  the  thumb  and  forefinger  of  the  eft  hand 
Te  ulnar  margin  of  the  palm  conveniently  resting  on  the  table. 
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iS^ow  use  the  fine  adjustment,  and  bring  the  outlines  of  the  object 
in  the  field  sharply  into  view. 

It  is  of  the  greatest  importance  that  the  student  should  be  taught 
to  describe  the  objects  Avhich  he  sees,  and  also  to  make  sketches  of 
them.  To  facilitate  the  description  of  isolated  objects,  the  follow- 
ing heads  may  be  adopted  : — 

a.  Shape. 

b.  Border. 

c.  Surfaces  (upper  and  lower). 

d.  Size. 

e.  Colour. 

/.  Transparency  and  relation  to  light. 

g.  Contents. 

7i.  Effects  of  reagents. 


In  the  object  under  examination  there  is  a  large  number  of 
minute  bodies  floating  in  a  fluid.  Describe  the  appearance  of  the 
floating  particles  under  the  following  heads  : — 

(a.)  Shape. — The  milk  globules  (fig.  52)  are  spherical,  as  can  be 
shown  by  touching  the  edge  of  the  cover-glass  with  a  needle,  and 
then  observing  them   as  they 


rotate  in  the  field  of  the 
scope.      Moreover,  if 


micro- 
one  be 
outline  comes 
focus,  and  dis- 
appears gradually,  while  optically 
with  regard  to  light  these  bodies 
behave  as  globules,  and  not  as 


focussed,  its 
gradually  into 


discs. 

(b.) 
regular, 
(c.) 


Border. 


Smooth  and 


Surfaces.  —  Elevate 


Fig.  52.— Jri]k  GU.bulcs, 


400. 


IS 


the 

objective  by  means  of  the  fine 
adjustment  until  the  upper  sur- 
face of  the  globules  comes  into 
view ;  depress  it  again  slowly 
and  then  examine  the  globule 

throughout  its  entire  thickness,  until  its  under  surface 
into  view.    Both  surfaces  are  smooth. 

(ri.)  .SVze.— The  globules  are  not  all  of  the  same  size, 
measure  their  actual  size  (p.  20). 

(e.)  Colour.— The  smaller  ones  appear  colourless,  but  some  of  the 
larger  may  have  the  slightest  tinge  of  a  faint  yellow. 

(/.)  Transparenq/  and  relation  to  light.— Ihey  are  transparent, 
because  the  outhne  of  a  subjacent  one  can  be  seen  through  a  globule 


brought 


If  desired, 
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and  no 
globule 


apply 


lying  over  it.    Notice  also  the  highly  refractile  character  of  each 
globule,  characteristic  of  an  oil  droplet  (fig.  55,  3). 

(g.)  Contents. — They  appear  homogeneous  and  uniform, 
included  body  is  to  be  seen.  Each  globule  is,  in  fact,  a 
of  oil. 

(7i.)  Effects  of  reagents. — To  one  side  of  the  cover-glass 
drop  of  acetic  acid.  To  the  opposite  edge  of  the  cover-glass  apply 
the  apex  of  a  triangular  piece  of  blotting-paper.  The  blotting- 
paper  sucks  up  some  of  the  milk,  and  the  acid  runs  in  at  the 
opposite  side  to  supply  its  place.  This  is  the  process  of  irrigation. 
Move  the  slide  to  bring  into  focus  a  part  of  the  field  which  has 
been  acted  on  by  the  acid,  and  note  that  the  corpuscles,  instead  of 
floating  about  singly  as  before,  are  now  aggregated  into  small  groups. 
The  acid  seems  to  have  altered  the  surfaces  of  the  globules,  so  that 
they  adhere  to  each  other.  The  acid  is  said  to  act  on  the  casein 
envelopes  of  the  globules,  and  to  soften  or  dissolve  them.  This 
preparation  is  not  to  be  preserved. 

Make  sketches  of  these  objects  before  and  after  the  action  of 
reagents. 

4.  Potato-Starch  Granules. — With  the  blade  of  a  knife  gently 
scrape  the  surface  of  a  freshly-cut  raw  potato ;  place  the  matter 

.  so  obtained  in  a  drop  of  water  on  a  slide.    Remove  any  coarse 
fragments,  and  apply  a  cover-glass.    Focus  the  object  (H). 

(a.)  Observe  that  the  granules  (fig.  53)  are  ovoid  bodies  of 
unequal  size,  not  equal  at  the  two  ends,  clear,  and  with  a  sharp 
outline.  Near  the  smaller  end  of  each  granule 
notice  a  small  spot,  the  "  nucleus  "  or  hilum,  round 
which  are  concentric  layers,  giving  rise  to  the 
appearance  of  fine  concentric  lines  arranged  with 
relation  to  the  nucleus.  The  lines  are  more 
numerous  on  one  side  of  the  hilum  than  the  other. 
Sketch  two  or  three  of  the  granules. 

(b.)  Irrigate  the  corpuscles  with  a  diluted  solu- 
tion of  iodine  in  iodide  of  potassium.  Each 
granule  becomes  blue  as  the  iodine  reaches  it. 
Tliis  is  due  to  the  formation  of  iodide  of  starch. 
If  the  iodine  be  too  strong  the  granules  appear  black. 

5.  Rice-Starch  (H). — Examine  a  little  rice-starch  in  the  same 
way;  Notice  the  much  smaller  irregular  granules.  Each  granule 
is  polygonal,  mostly  five  or  six  sided.  The  granules  are  stained  blue 
by  iodine  (fig.  54).    Make  sketches  of  the  starch  corpuscles. 

6.  Gamboge  and  Brownian  Movement  (H). — Rub  up  a  small 
piece  of  solid  gamboge  in  water  until  the  latter  has  a  faint  yellow 
appearance.    Place  a  drop  on  a  slide,  cover,  and  examine. 

(a.)  Observe  granules  of  various  sizes  and  shapes  floating  in  the 


Fig.  S3- — Granules  of 
Potato-Starch. 
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field.  The  larger  ones  appear  coloured  yellow,  but  the  finer  ones 
cannot  be  seen  distinctly  as  yellow  bodies. 

(b.)  Note  the  finer  granules,  which  exhibit  a  slow 
dancing  movement.  They  are  never  at  rest.  This  is 
called  Brownian  movement,  and  appears  to  be  due  to 
inequalities  of  temperature  in  different  strata  of  the 
fluid.  This  movement  is  exhibited  by  all  finely- 
divided  particles  suspended  in  a  fluid,  e.g.,  China  ink, 
Berlin  blue,  provided  the  particles  be  small  enough, 
and  the  fluid  in  which  they  are  suspended  be  not  too 
viscid.  The  fine  granules  in  salivary  corpuscles  ex- 
hibit this  movement.    (Lesson  IV.  1,  d). 

7.  Air-Bubbles  in  Gum  or  Water  (H) 


Fig.  54.— Klce- 
Starch. 


Make  a  solution  of  gum 


■^"'■,^.^'TT'"  ^"''■'•'^  'II  "ii'i'i'  i-^)  "'"'li  'lii^'  1""'  I  Mirlaic  is  ill  f,.,  us:  (li)  ilitUlle,  niul 

(t)  Upper  svirfncu  <A  fucus.  2.  JJiibljlu  of  uir  in  Canada  balsam.  3.  Cilobllle  of  oil  in 
water. 


102 


PRACTICAL  HISTOLOGY. 


[I- 


mucilage  and  shake  it  up  in  a  test-tube  with  air  until  it  forms  fine 
bubbles.  Place  a  drop  of  it  with  its  included  bubbles  on  a  slide, 
cover,  and  examine. 

(«.)  Observing  larger  and  smaller  bubbles,  especially  note  how 
the  appearance  of  the  bubble  varies  with  the  elevation  or  depres- 
sion of  the  lens.  Sketch  these  appearances.  When  the  tube  is 
depressed,  the  bubble  has  a  small,  clear  centre,  and  a  wide,  black, 
sharp,  refractile  margin  (fig.  55,  A),  because  so  much  of  the  light 
is  refracted  by  the  air,  and  does  not  pass  through  the  bubbles  of 
air  into  the  lens.  Study  the  appearance  of  the  bubble  when  the 
centre  and  then  the  upper  surface  are  in  focus  (B,  C). 

The  student  will  have  an  opportunity  by-and-by  of  observing 
the  appearance  of  a  bubble  of  air  in  Canada  balsam  (fig.  55,  2),  and 
an  oil  globule  in  water  (fig.  55,  3). 

8.  Cotton  Fibres  (H). — Place  a  few  fibres  of  cotton-wool  in 
water,  cover,  and  examine. 

(a.)  Observe  the  fine  translucent  flattened  threads,  which  are 
renlly  tubes,  each  looking  as  if  twisted  on  itself  at  intervals 

(fig.  56). 

{h.)  Kemove  the  cover-glass  and 
the  water,  add  a  drop  of  iodine ; 
cover  and  examine ;  note  that  the 
fibres  are  yellowish  ;  add  a  drop  of 
strong  sulphuric  acid  or  a  drop  of  the 
following  mixture  : — Glycerine  2, 
water  i,  and  sulphuric  acid  3  parts. 
At  the  edge  of  the  cover-glass  suck 
it  through  with  blotting-paper,  and 
note  that  the  fibres  become  blue. 
They  are  composed  of  cellulose, 
which  does  not  give  a  blue  with 
iodine  alone,  but  with  iodine  and 
sulphuric  acid. 

9.  Linen  Fibres  (H). — Examine 
in  water. 

(a.)  Observe  the  cylindrical  or 
flattened  translucent  fibres  with  no 
twist ;  but  they  have  a  few  markings  on  them  here  and  there,  and 
at  these  points  the  fibre  is  generally  slightly  thicker.    They  are  in 
reality  tubes  with  thick  walls  (fig.  56). 
10.  Wool  (H). — Examine  in  Avater. 

(a.)  Observe  the  cylindrical  fibres  with  numerous  zigzag  trans- 
verse lines  due  to  the  epithelial  covering  of  the  fibre  (fig.  56). 
It  is  convenient  to  examine  dyed  wools  also,  as  some  of  these 
exhibit  the  zigzag  imbricate  scales  even  better  than  undyed  wool. 


Fig.  56.- 


Linen..  Cot  ten. 

-Fibres  of  Silk,  Wool,  Cotton, 
and  Linen. 
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11  Vegetable  CeUs  forming  a  Membrane.— With  a  pair  of 
forceps  peel  off  a  thin  layer  of  the  covering  of  a  fresh  onion  bulb. 
Examine  it  either  in  water  or  in  water  after  staining  with  a  solution 
of  iodine  (H).    Observe  the  cells  (fig.  57)  with  well-defined  walls, 


riG.  57.— Cells  from  bulb  of  a  fresh  onion  forminR  a  membrane.   M,  cell  membrane ; 
N,  nucleus  seen  from  the  surface ;  Nn,  nucleolus ;  V,  vacuoles,  x  240. 

and  united  to  each  other  by  the  edges  to  form  a  membrane — the 
excentrically  placed  spherical  nucleus  and  the  granular  cell-con- 
tents. 

12.  Cells  with  sinuous  margins,  and  containing  chlorophyll 
granules,  may  be  studied  in  a  leaf  of  the  Duckweed  or  Lemna  minor, 
also  the  reaction  for  cellulose  (sulphuric  acid  and  then  tincture  of 
iodine  =  blue)  in  the  same  plant. 

13.  The  currents  in  protoplasm  are  well  seen  (H)  in  Cliara  vul- 
garis, which  is  so  common  in  our  streams. 

Vegetable  Micro-Organisms. — These  are  frequently  found  in 
microscopic  preparations,  while  others  are  the  cause  of  various 
diseases.    They  are  usually  classified  as  follows : — 

1.  Moulds. 

2.  Saccliaromycetes  (yeast-like  organisms). 

3.  Schizomycetes  (bacteria-like  organisms). 


14.  PeniciUium  (H). — This  mould  is  readily  found  on  starch- 
paste  or  on  Miiller's  fluid  preparations  which  have  been  left  stand- 
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Fig.  58.— Deve- 
lopment of  a 
Gonidiophore 


ing  uncovered.    Place  a  little  on  a  slide,  add  a  drop  of  water,  cover, 
and  examine. 

(a.)  Observe  tlie  stems,  consisting  of  narrow,  clear,  oblong  cells, 
joined  end  to  end,  and  on  the  summit  of  eacb  are  several 
rows  of  small  spores.  The  rootlets  or  mycelium  consist 
of  elongated  chains  of  narrow  oblong  cells. 

The  mycelium  is  composed  of  much-branched  liyphce. 
The  cells,  elongated  and  narrow,  composing  these  are 
separated  from  each  other  by  numerous  partition  walls 
(fig.  60,  e).  The  walls  consist  of  cellulose  and  contain 
protoplasm  with  vacuoles. 

(6.)  Search  for  one  of  the  hyphse  which  bear  on 
their  free  ends  a  brush-like  group  of  cells,  some  of 
which  become  constricted  to  form  chains  of  spherical 
i3eari'ng"styTo"  sti/logonidia  (fig.  58).    The  ripe  stylogonidia  have  a 
Sn  the''Hp)h^  green  colour,  and  they  give  the  mould  its  green 
of  Penicii-  appearance. 

15.  Yeast  (H). — Place  some  German  yeast  in  sugar 
and  water ;  keep  it  for  several  hours  in  a  warm  place.  Examine  a 
drop  of  the  fluid. 

(a.)  Observe  the  small  oval  yeast-cells,  each  with  an  envelope,  a 

large  clear  vacuole,  and  granular  proto- 
plasm. 

(5.)  Search  for  one 
notice  the  small  faintly  granular  bud 
adhering  to  and  projecting  from  the 
mother-cell  (figs.  59,  60,/). 

Each  yeast  plant  is  a  single  cell  or 
It  is  composed  of  a  transparent  thin  delicate 
envelope  or  cell-wall,  composed  of  cellulose.     When  the  cell  is 

e  ^  ruptured  the  empty  cell-envelope  may 
be  seen  in  the  field.  Within  is 
granular  proto'plasm,  containing,  as  a 
rule,  a  clear  space  or  vacuole.  Some 
cells  contain  a  nucleus. 

(c.)  Stain  the  preparation  with  a 
watery  solution  of  magenta.  I^ote 
that  all  the  cells  do  not  stain  equally 
well.  The  buds  on  the  side  are  stained 
of  a  deep  red,  and  to  a  less  extent  the 
protoplasm  of  most  of  the  cells. 
16.  Micrococci  and  Bacteria  ( H). — 
Set  aside  a  solution  of  peptone  or  a  Avatery  extract  of  a  piece  of  flesh 
for  some  time,  until  a  scum  forms  on  the  surface  due  to  putrefaction. 
Place  a  little  of  the  scum  on  a  slide,  cover,  and  examine. 


budding,  and 


Fig.  59. 


-Yeast-Cells,  a. 
Budding. 


6  and  c 


morphological  unit. 


Fig.  60.— tf.  Micrococci  in  cylinders ; 
e.  Mycelium  of  Penicillium ;  /. 
Yeast-Cells;  g.  Bacilli  and  Micro- 
cocci. 
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(a.)  Observe  groups  of  small  round  specks,  often  held  together 
hy  a  homogeneous  medium.    These  are  micrococci  (tig.  60,  d). 

(h.)  Small  elongated  rod-like  bodies,  each  moving  across  the  field 
in  a  zigzag  like  manner.    These  are  bacteria  (fig.  60,  g). 

E".B. — In  all  cases  sketches  must  he  made  of  the  objects  examined. 
This  holds  good  for  this  and  all  succeeding  lessons. 

17.  Determine  the  magnifying  power  of  the  microscope. — Do 
this  according  to  the  method  described  at  p.  1 9. 


ADDITIOJsTAL  EXERCISES. 

18.  Staining  of  Fission  Fungi  or  Schizomycetes. — They  stain  readily  with 
aniline  dyes,  especially  basic  aniline  colours.  Scrape  off  a  little  of  the  coating 
which  accumulates  on  the  surface  of  the  molar  teeth,  press  it  between  two  cover- 
glasses,  so  as  to  make  cover-glass  preparations.  Glide  the  one  glass  off  the 
other.  Place  the  cover-glasses,  film  surface  downwards,  in  a  I  per  cent,  solu- 
tion of  methyl- violet,  gentian-violet,  or  methylene-blue  contained  in  a  watch- 
glass.  Heat  the  watch-glass  and  its  contents  over  a  gas-flame  until  a  faint 
cloud  of  vapour  rises  ;  allow  it  to  cool,  and  in  5-10  minutes  or  so  the  colora- 
tion is  complete.  Remove  the  cover-glasses,  wash  them  in  water,  and  place 
them  in  absolute  alcohol.  Remove  the  cover-glasses  and  allow  them  to  dry  in 
the  air  and  mount  in  xylol  balsam.  A  moist  cover-glass  preparation  from 
absolute  alcohol  may  be  clarified  with  xylol. 

{a.)  Observe  many  epithelial  cells  coloured,  but  so  are  the  organisms. 

If  it  is  desired  to  have  only  the  organisms  coloured,  the  stained  cover-glasses 
are  taken  direct  from  the  staining  solution,  or  laved  in  absolute  alcohol  and 
placed  in  a  solution  of  iodine  composed  of  I  part  iodine,  2  parts  potassic  iodide, 
and  300  water,  in  which  they  are  kept  for  a  few  minutes.  Transfer  them  to 
and  wash  them  ia  absolute  alcohol  until  nearly  all  colour  is  gone,  and  clarify 
with  xylol.  Only  the  organisms  are  of  a  dark-blue  tint ;  the  other  tissues  are 
decolorised  or  nearly  so.    This  is  Gram's  method. 

Stain  bacteria  from  a  putrefying  proteid  fluid,  e.g.,  peptones  or  meat- 
extract,  in  the  same  way. 
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LESSON  II. 
THE  BLOOD. 


Under  the  microscope  blood  is  seen  to  consist  of  a  clear,  transparent 
fluid,  the  plasma  or  liquor  sanguinis,  in  which  are  suspended  the 
blood-corpuscles.  The  Llood-corpiiscles  are  of  two  kinds,  the  red 
or  coloured,  and  the  white,  pale,  or  coloui-less.  Besides  these, 
there  fall  to  be  examined  the  blood-plates,  or,  as  they  are  also 
called,  blood-tablets  or  platelets. 

C  Blood-plasma. 
Blood  \  (Red. 

(^Corpuscles       <.  White. 

(  Platelets. 


BLOOD-COEPUSCLES  OF  AMPHIBIANS. 

(A.)  Coloured  Corpuscles  of  Amphibians  (Newt  or  Frog).— After 
destroying  the  brain  of  a  newt  or  frog,  a  drop  of  blood  may  be 
obtained  from  the  cut  end  of  the  tail  of  the  former,  or  from  the  cut 
surface  after  amputation  of  the  foot  of  the  latter. 

1.  Red  Corpuscles  (H).— Place  a  small  drop  of  blood  m  the 
centre  of  a  perfectly  clean  slide  and  cover  it  at  once  with  a  cover- 
glass.  Examine  it\vith  a  high  power.  To  avoid  the  pressure  of 
the  cover-glass,  a  short  length  of  a  hair  may  be  placed  in  the  blood 
droplet  before  the  cover-glass  is  applied. 

(a.)  Observe  the  coloured  and  colourless  corpuscles,  the  former 
much  more  numerous  than  the  latter  (fig.  6i). 

(h.)  Study  the  red  corpuscles.  Observe  that  they  are  very  numer- 
ous, elliptical  in  outline  when  seen  on  the  flat,  slightly  yellowish 
in  colour  ;  their  border  or  contour  is  even  and  well  defined.  Select 
one  seen  on  edge,  and  note  that  it  is  a  thin  ellipse,  pointed  at  the 
ends,  becoming  gradually  thicker  in  the  centre,  so  that  it  is  a  hi-conve.v 
ellipticcd  disc.  Sometimes  one  corpuscle  can  be  seen  overlyiug  a 
subiacent  one,  in  which  case  the  outline  of  the  latter  can  be  dis- 
tinctly seen  through  the  former,  indicating  that  the  corpuscles  are 
transparent  (fig.  6 1 ).  Is^otice  within  each  corpuscle  a  lighter  oval, 
central  area,  indicating  the  existence  of  an  elliptical,  colourless, 
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elongated,  granular-looking  included  body— the  nucleus.    The  long 

axis  of  the  colourless  nucleus  coincides  with  the  long  axis  of  the 

corpuscle.    At  first,  the  nucleus 

may  not  be  very  distinct,  but  ^ 

after  a  time  it  becomes  distinctly 

visible,  and  it  can  be  readily  ^ 
made  so  by  the  action  of  certain 
reagents,  especially  weak  acids. 
Small  vacuoles  frequently  appear 
in  the  body  of  the  corpuscle,  more 
especially  in  frogs  that  have  been 
kept  some  time.  In  others  there 
may  be  seen  a  faint  radiate 
striping  of  the  cori3Uscles  as  if 
there  were  fine  folds  in  it  due  to 
partial  drying. 

The  yellow  colour  is  due  to  the 
presence  of  haemoglobin,  which 
is  enclosed  within  the  meshes  of 
a  colourless  stroma  or  delicate 
framework. 

If  the  blood  be  taken  from  a 
frog  which  has  been  ke]3t  through- 
out the  winter,  vacuoles  may  be 

seen  in  the  haemoglobin  of  the  red  corpuscles  (fig.  61,  v).  They 
rapidly  produced  in  frogs  after  the  injection  of  ammonium  chloride 

Sketch  two  or  three  corpuscles,  both  red  and  white  ;  the  red  cor 
puscles  both  on  the  flat  and  on  edge,  and  two 
overlapping  each  other. 

2.  Acetic  Acid. — To  the  edge  of  the 
cover-glass  of  the  same  preparation  apply  a 
drop  of  dilute  acetic  acid  (i  per  cent. — i  cc. 
glacial  acetic  acid  to  99  cc.  of  normal  saline 
solution).  The  acid  runs  in  under  the  cover- 
glass,  but  if  it  does  not,  apply  a  small  tri- 
angular piece  of  blotting-paper  to  the  opposite 
edge  of  the  cover-glass.  Let  one  of  the  angles 
of  the  blotting-paper  touch  the  fluid  under 
the  cover-glass,  and  it  will  suck  up  some  of 
the  blood,  and  thus  cause  the  acetic  acid  to 
run  in  at  the  opposite  side.  This  is  known 
as  the  process  of  irrigation.  INIove  the  slide,  and  find  a  part  of  the 
object  wliicli  has  been  acted  on  by  the  dilute  acid. 

(a.)  Observe  that  the  red  corpuscles,  or  at  least  most  of  them, 
become  spherical  and  decolorised,  the  nucleus  becomes  very  distinct 


Fig.  61.— Blood  of  Frog.  a.  Red  corpuscle 
seen  on  the  flat :  b.  In  Profile ;  c.  Three- 
quarter  face  ;  some  of  the  red  corpuscles 
show  the  presence  of  vacuoles  («) ;  n. 
Colourless  corpuscle  at  rest;  m.  One 
with  amccboid  processes ;  p.  Fusiform 
cell,  probably  from  the  vascular  wall. 


are 


Fig.  62. — Aniphibiiiii  Coloured 
Klooil-Corpuscles  seen  on 
the  Flat  and  on  Edge, 

X  1000. 
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and  granular,  while  tlie  outline  of  the  corpuscle  may  become  very 
indistinct  (fig.  63).  The  nucleus  ajjpears  somewhat  shrunken  or 
shrivelled.  If  the  corpuscles  are  roughly  treated,  the  nucleus  may 
be  seen  placed  excentrically,  or  even  extruded  from  the  corpuscle. 
The  acid  acts  on  the  haemoglobin,  forming  a  new  compound,  which 
diffuses  out  of  the  corpuscles  and  stains  the  surrounding  plasma  a 
faint  yellow.  The  nucleus  in  some  of  the  corpuscles  may  absorb 
some  of  the  yellow  pigment,  and  become  stained  thereby,  especially 
if  a  strong  solution  of  acid  has  been  used.  The  action  on  the 
colourless  corpuscles  is  referred  to  at  p.  112. 

3.  Dilute  Hydrochloric  Acid,  i  per  cent.  (H). 

(a.)  To  a  fresh  drop  of  blood  add,  as  before,  a  drop  or  two  of 
dilute  hydrocliloric  acid.  Watch  diligently  one  or  two  of  the  red 
corpuscles.  They  gradually  enlarge,  become  spherical,  and  may  all 
of  a  sudden  burst  and  discharge  their  contents,  the  nucleus  coming 
clearly  into  view  during  the  process.  After  the  rupture,  the  residue 
of  the  stroma  of  the  corpuscles  may  be  seen  in  the  field.  In  other 
cases  the  corpuscles  become  clear,  globular,  and  transparent,  with 


here  and  there  fibae  shreds  stretching  between  the  nucleus  and  the 
surface  of  the  spherical  corpuscle. 

4.  Water  (H). — To  a  fresh  preparation  of  blood  apply  a  drop  of 
water  to  the  edge  of  the  cover-glass,  and  notice  its  efi'ects  upon  the 
corpuscles. 

(a.)  The  water  rapidly  diffuses  into  the  corpuscles  and  renders 
them  spherical,  while  at  the  same  time  it  decolorises  thera,  the 
haemoglobin  diffusing  outwards  into  the  plasma,  and  staining  it 
slightly  yellow.  The  nucleus  also  becomes  spherical.  Thus  the 
outline  of  the  corpuscles  becomes  very  faint  in  the  field  of  the 
microscope,  the  corpuscles  themselves  now  almost  consisting  of  a 
nucleated  stroma  (fig.  64). 

5.  Strong  Syrup  (H).— Place  a  small  drop  of  blood  on  a  shde 
and  near  it  a  drop  of  syrup ;  mix  the  two  with  a  needle,  and  apply 
a  cover-glass. 

(a.)  Observe  that  some  of  the  red  corpuscles  are  rapidly 
shrivelled  and  puckered,  especially  when  seen  on  edge,  owing  to 
fluid  passing  out  of  them  by  exosmosis  (fig.  65).    Some  of  them 


Fig.  63.— Frog's  Red 
Blood  -  Corpuscle 
acted  on  by  Dilute 
Acetic  Acid,  X  300. 


Fig.  64. —Action  of 
Water  on  an  Am- 
phibian Coloured 
Blood-Coi-puscle. 


Fig.  65.— Action  of 
Syrup  on  Frog's 
Ked  Blood  -  Cor- 
puscle, X  300. 
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may  present  here  and  there  a  reddish  tinge.  All  the  corpuscles 
are  not  affected  equally  or  at  the  same  time.  The  same  effects  are 
produced  by  strong  saline  solutions. 

6.  Tannic  Acid  (H). — On  a  slide  mix  a  drop  of  blood  with  a 
drop  of  tannic  acid,  using  a  relatively  large  drop  of  the  acid  fluid ; 
wait  for  about  a  minute,  and  then  apply  a  cover-glass. 

(a.)  Observe  that  some  of  the  corpuscles  become  globular,  while 
the  haemoglobin  passes  out  of  the  corpuscles  at  one  or  more  spots, 
and  appears  on  the  surface  in  the  form  of  one  or  more  small 
granukr  buds  (fig.  66,  c).  Sometimes  the  bud  or  buds  are  small. 
At  others  the  bud  may  be  as  large  as  the  remainder  of  the  corpuscle, 
which  has  become  smaller  and  partly  decolorised.  In  other  cases 
it  may  be  collected  around  the  nucleus  {Roberts).  The  tannic  acid 
causes  a  separation  of  the  haemoglobin  from  the  stroma. 

The  solution  of  tannic  acid  is  made  by  dissolving  2  grains  of 
tannic  acid  in  i  oz.  of  boiling  water,  and  allowing  it  to  cool. 


Fig.  66. — Action  of  Tannic  Acid 
on  the  Bed  Blood-Corpuscles 
of  Man  {a,  h)  and  Frog  (c). 


FIG.  67.— Action  of  Boracic  Acid  on  a  Frog's 
Ked  Blood-Corpuscle. 


7.  Boracic  Acid. — Mix  a  drop  of  newt's  or  salamander's  blood 
with  a  2  per  cent,  solution  of  boracic  acid,  which  takes  a  short 
time  to  act  on  the  corpuscles  and  produce  its  effects. 

(a.)  Observe  that  the  haemoglobin  is  collected  around  the  nucleus, 
so  that  the  presence  of  the  latter  is  obscured,  but  in  many  of  the 
corpuscles  fine  threads  of  haemoglobin  remain  attached  to  the 
circumference  of  the  corpuscle,  so  that  the  retracted  haemoglobin 
may  have  a  stellate  form,  while  the  rest  of  the  corpuscle  is  colour- 
less. To  the  latter  Briicke  gave  the  name  Oikoid,  to  the  former 
Zooicl  (fig.  67). 

If  these  corpuscles  are  acted  on  for  twenty-four  hours  with  i  per 
cent,  osmic  acid,  they  are  "fixed,"  and  may  be  mounted  permanently 
in  glycerine-jelly. 

8.  Magenta. — Mix  a  drop  of  blood  and  a  drop  of  the  special 
magenta  fluid  (p.  74)  on  a  slide,  cover,  and  examine. 

(a.)  Observe  that  the  nuclei  of  the  corpuscles,  both  red  and 
white,  are  stained  of  a  brilliant  rod,  although  the  surrounding  part 
of  the  corpuscle  is  not  so  stained,  unless  the  magenta  be  in  great 
excess.  All  the  corpuscles  are  not  stained  equally  brightly.  On 
the  edge  of  some  of  the  corpuscles  at  one  or  more  points  will  be 
found  small  coloured  spots  or  thickenings. 
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9.  OsEoic  Acid  and  Picrocarmine  (H). — This  preparation  is 
best  made  by  mixing  a  few  drops  of  blood  with  an  equal  volume  of 
I  per  cent,  osmic  acid  in  a  small  tightly-corked  tube,  or  by  exposing 
a  thin  tilm  of  blood  to  the  vapour  of  a  2  per  cent,  solution  of  osmic 
acid.  After  two  to  four  hours  pour  off  the  supernatant  fluid  and 
cover  the  residue  of  corpuscles  with  picrocarmine.  After  twenty- 
four  hours  the  picrocarmine  can  be  poured  off,  and  a  little  of  the 
deposit  placed  on  a  slide  and  mixed  with  glycerine-jelly  dissolved 
by  heat,  and  covered  (p.  85). 

{a.)  Observe  that  the  nuclei  of  the  corpuscles  are  bright-red,  and 
the  perinuclear  part  of  the  corpuscles  yellow.  Within  the  granular- 
looking  nucleus,  with  a  good  lens,  may  be  seen  a  network  of  fibrils. 

This  preparation  is  permanent,  and  must  be  sealed  up  or  "  ringed  " 
after  the  manner  described  at  p.  88. 

10.  Blood  of  Bird  (H). — Mount  a  drop  of  fresh  blood. 

(a.)  Observe  the  red  corpuscles,  which  are  elliptical,  biconvex, 
nucleated  bodies,  but  smaller  in  size  and  more  pointed  than 
amphibian  corpuscles  (fig.  68). 

These  corpuscles  behave  towards  reagents  as  those  of  amphibians. 

11.  Blood  of  Fish  (H). — Mount  a  drop  of  fresh  blood,  which  is 
readily  obtained  from  a  gold-fish  or  salmon,  but  the  blood  coagulates 
rapidly. 

(a.)  Observe  the  red  corpuscles,  which  are  elliptical,  biconvex, 
and  nucleated,  but  the  ends  are  not  so  pointed  as  in  the  bird,  while. 


12.  White  Corpuscles. — In  a  fresh  preparation  of  blood  (taking 
care  to  place  a  hair  under  the  cover-glass)  search  for  the  colourless 
corpuscles,  of  which  there  are  several  varieties.  They  are  much 
less  numerous  than  the  red. 

la.)  Observe  that  there  is:  (i.)  The  finely  granular  foim,  con- 
sisting of  a  nucleated  mass  of  protoplasm  larger  than  a  red  corpuscle 
(fio-  61,  m).  (ii.)  The  coarsely  granular  variety  may  be  found.  In 
it  "the  c'rranules  are  large  and  refractive,  and  often  lying  at  one  side 
of  the  "corpuscles,  (iii.)  A  third  variety,  much  smaller  than  the 
others,  may  be  found  (fig.  61,  /.;). 


like  the  bird's  corpuscles, 
they  are  smaller  than 
those  of  amphibians  (fig. 
68,  F).  The  blood  must 
be  quite  fresh. 


In  both  cases  a  few 
colourless  corpuscles  may 
be  noticed. 


1,'  B 

Fig.  68.— Reel  Blood-Corpuscles  of  Fish  (F)  and 
Bird  (B),  x  450. 


(B.)  The  White  Cor- 
puscles of  the  Frog  or 
Newt. 
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(h.)  In  all  the  varieties,  by  careful  observation,  may  be  detected 
a  nucleus,  which  in  some  is  irregular  or  subdivided.  The  surface  of 
these  corpuscles  is  sticky,  as  can  readily  be  shown  by  giving  the 
cover  a  push  with  a  needle,  when  the  coloured  corpuscles  will  be 
seen  to  glide  over  each  other,  while  some  of  the  colourless  ones  will 
be  seen  adhering  to  the  glass  ;  and  even  if  a  coloured  one  impinges 
on  them,  they  are  rarely  displaced  by  the  impact,  so  firmly  do  they 
adhere  to  the  glass. 

13.  Amoeboid  Movements  of  the  White  Corpuscles.— Select 
one  of  the  large  finely  granular  corpuscles,  and  at  once  make  a 
sketch  of  its  outline ; 
in  a  minute  or  two  „  5, 
make  another  sketch,     5"-  h  1 


and  do  this  every  few  "y^^'c^  (-dt^ 
minutes.   Thesketches  ^ 

will  vnr-o-  "hppmiqp  tbp  FiG.  69.— Showing  the  Amceboid  ^lovemeuts  of 

wm  vary,  oecause  Uie  colourless  Blood  Corpuscles, 

corpuscle   has  slowly 

changed  its  shape,  even  at  the  ordinary  temperature.  A  process  of 
its  protoplasm  may  be  extruded  on  one  side,  while  a  part  of  the 
corpuscle  may  be  drawn  in  at  another.  The  corpuscle,  therefore, 
exhibits  spontaneous  irregular  and  indefinite  movements,  constitut- 
ing what  is  known  as  amoeboid  movements.  It  may  even  be  seen  to 
change  its  place,  and  thus  exhibit  locomotion. 

In  the  coarsely  granular  form,  if  one  be  found,  the  processes  are 
not  so  pointed,  while  the  granules  may  be  seen  to  pass  suddenly 


Fig.  70.— Ranvier's  Moist  Chamber,  s.  Disc  on  which  the  fluid  to  lie  examined  is 
placed  ;  d.  Air-Chamber ;  c.  should  be  placed  on  the  square  i)artou  wliich  the 
cover-glass  rests. 

from  one  side  of  the  corpuscle  to  the  other.  The  granules  seem  to 
be  passive,  and  their  motion  is  due  to  movements  of  the  protoplasm. 

These  movements  may  be  watched  for  a  long  time  if  the  pre- 
paration be  sealed  up  cither  with  melted  paraffin  wax  or  Avith  oil. 
The  former  is  to  be  preferred.  When  sealed  up  in  paraffin  wax,  the 
preparation  may  be  kept  without  evaporation  for  several  days.  The 
margins  of  the  cover-glass — preferably  a  square  one — are  sealed  down 
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with  paraffin  wax  by  heating  a  wire  bent  at  right  angles  to  melt 
the  paraffin  and  applying  it  along  the  edges  of  the  cover-glass. 

Eanvier  uses  a  moist  air-chamber  (fig.  70).  In  the  centre  of  the 
chamber  is  a  small  piece  of  glass,  less  in  height  by  j^jth  of  a  milli- 
metre than  the  height  of  the  walls',  of  the  cavity.  The  fluid  con- 
taining the  corpuscles  is  placed  on  this,  covered  with  a  cover-glass 
which  is  sealed  down  by  means  of  paraffin  wax.  The  object  is  thus 
protected  from  evaporation,  while  it  has  in  relation  to  it  a  layer 
of  air. 

14.  Acetic  Acid  (i  per  cent.). — On  irrigating  a  fresh  preparation 
with  dilute  acetic  acid,  the  protoplasm  is  made  clear  and  transparent, 

and  the  complex  nucleus — 
usually  consisting  of  three 
parts,  and  hence  called  tri- 
partite —  is  distinctly  re- 
vealed (fig.  71,  a).  If  the 
^  ^  acid  act  vigorously,  it  may 

"        .     .  .       A        *i  n  T^e  almost  impossible  to  see 

riG.  71.— (X.  Action  of  Acetic  Acid  on  the  Colourless  /  .,  

Blood-Corpuscles  of  a  Frog.   Action  of  Water  the  outline  01  the  nOW  Clear 

on  the  Colourless  Blood-Corpuscles  of  a  Frog.  nnlncsm 

&.  Early,  and  c.  Later  Stages.  ^  tt^^^^         ^     •    -  ^ 

15.  Water. — On  irrigat- 
ing a  fresh  preparation  with  water,  the  colourless  corpuscles  are 
killed,  and  they  assume  a  globular  form,  the  protoplasm  becoming 
at  first  more  granular  (fig.  71,  &),  and  subsequently  clear  and  trans- 
parent, thus  distinctly  revealing  the  presence  of  the  nucleus.  The 
granules  may  exhibit  Brownian  movements,  while  each  cell  has  an 
outline  round  it  as  if  a  membrane  had  been  formed  round  it.  So 
that  by  the  addition  of  water  these  corpuscles  may  be  changed  so  as 
to  resemble  salivary  corpuscles  (Lesson  IV.). 

16.  Magenta.— This  stains  the  nucleus  deeply  and  the  proto- 
plasm to  a  less  degree. 

For  Fibrin  (Lesson  III.  8). 

Lymph. 

17  (a )  Pith  a  frog,  and  with  a  fine  pipette  withdraw  a  little 
Ivmph  from  the  dorsal  lymph  sac,  or,  better  still,  curaxise  a  pithed 
frog,  and  next  day  remove  the  lymph  from  its  sub-lingual  lymph 
sac°   The  lymph  accumulates  there  in  large  amount. 

Lymph  (H).  ,         i.!     r  j 

(a)  Observe  numerous  leucocytes,  mixed  perhaps  with  a  few  red 
blood-corpuscles,  exactly  like  the  three  varieties  of  leucocytes  found 
in  the  blood.    A  coagulum  of  fibrin  will  ultimately  be  formed. 

(b )  The  toad  yields  a  very  large  quantity  of  lymph.  Destroy 
its  brain,  wipe  one  leg  dry,  and  cut  off  the  projectijig  )o^-  ^^^^'^ 
large  drops  of  lymph  flow  out,  which  soon  coagulates  {S.  Mai/e>). 
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ADDITIOJfAL  EXERCISES. 

18.  Migi-ation  of  Colourless  Corpuscles  (H). — Heat  and  draw  out  a  glass 
tube  so  a.s  to  form  an  excessively  fine  capillary  tube.  Pith  a  frog,  expose  its 
heart,  make  a  cut  into  the  latter,  and  as  the  blood  flows  suck  n-p  blood  into  the 
capillary  tube.  Seal  the  tube  at  both  ends  by  holding  it  for  a  second  or  two 
in  a  gas-flame. 

Place  the  tube  on  a  slide  in  a  drop  of  glycerine  or  clove-oil,  cover  it  and 
examine. 

(a.)  (L)  Observe  that  the  blood-clot  shrinks,  squeezes  out  serum  from  the 
clot,  and  by-and-by  some  of  the  colourless  corpuscles  migrate  from  or  are 
squeezed  out  of  the  red  clot  into  the  serum,  where  they  may  be  seen  exhibiting 
amceboid  movements.  This  shows  that  the  vitality  of  the  white  corpuscles  is 
not  abolished  by  the  coagulation  of  the  blood. 

19.  Feeding  White  Corpuscles  (H). — Get  some  blood  from  the  heart  of  a 
frog  into  a  capillary  pipette,  as  described  in  18.  Allow  the  blood  to  clot  and 
exude  serum,  which  it  does  in  about  an  hour. 

Rub  up  a  little  Indian-ink  in  a  few  drops  of  normal  saline  in  a  watch-glass 
till  a  greyish  fluid  is  obtained.  Blow  the  contents  of  the  capillary  tube  upon 
a  clean  slide,  remove  the  clot ;  the  serum  contains  numerous  colourless  cor- 
puscles. Mix  a  little  of  the  greyish  Indian-ink  fluid  with  the  serum,  put 
a  hair  under  the  cover-glass,  and  seal  up  the  latter  with  melted  paraffin  to 
prevent  evaporation.  After  a  time,  observe  that  the  minute  particles  of 
Indian-ink  are  seen  included  in  the  protoplasm  of  these  cells.  The  cells  throw 
out  processes  which  surround  a  particle,  meet  and  coalesce,  and  thus  the 
particles  come  to  be  included  in  the  corpuscle  {Scha/er). 

20.  Movements  and  Division  of  White  Corpuscles. — Kanvier^  seals  up  the 
preparation  on  the  slide  devised  by  him,  this  being  done  by  paraffin  wax.  A 
water  immersion  lens  is  placed  on  the  microscope,  and  then  the  microscope 
with  the  slide  is  placed  in  a  glass  vessel  filled  with  water  at  the  required 
temperature.  In  this  way  the  movements  of  the  corpuscles,  and,  as  I  have 
myself  seen,  even  the  division  of  leucocytes,  can  be  readily  studied. 

21.  Glycogen  in  White  Corpuscles  ( H).— Irrigate  a  preparation  of  frog's 
or  newt's  blood  with  i  per  cent,  solution  of  iodine  containing  2  grams  of 
potassic  iodide.  The  red  corpuscles  are  stained  yellow,  the  white  ones  are 
killed  ;  many  of  them  are  also  stained  yellow,  but  in  some  of  them  may  be 
seen  mahogany-coloured  gi-nnules  of  stained  glycogen. 

22.  Elder  Pith  Preparation  (H)._lnto  the  dorsal  sac  of  a  pithed  frog 
introduce  a  sn^all  piece  of  elder  pith  soaked  in  normal  saline,  and  leave  it 
there  for  twenty-four  hours.  Withdraw  it,  make  a  thin  section,  and  examine 
it  in  nomial  saline  solution. 

(a. )  Observe  the  large  polygonal  cells  of  the  elder  pith  crowded  with  lymph 
corpuscles— several  varieties— which  have,  in  virtue  of  their  amoeboid  move- 
ments, "  wandered"  into  and  permeated  the  cellular  pith. 

The  elder  pith  may  be  hardened  in  Flemming's  fluid  (p.  32),  and  after 
thoroughly  washing  it,  sections  are  made  and  mounted  in  Farrant's  solution 
1  -ii  1 1^^°^  n\nda  of  Mammals.— A  small  mammal,  e.g.,  mouse,  rabbit,  is 
killed  by  decapitation.  Open  its  peritoneal  cavity  by  means  of  a  sharp  red-hot 
knife,  I.e.,  by  a  therino-cautery.  This  is  to  avoid  any  blood  being  shed  into 
the  cavity.    By  means  of  a  fine  pipette  withdraw  some  of  the  "  lymph"  or 

serosity. "    It  will  be  found  not  to  be  clear  like  whey,  but  slightly  opalescent. 

(a.)  torpuscles  (H).— Some  are  like  ordinary  lymph  corpuscles,  many  are 
very  granular,  and  there  are  always  red  blood-corpuscles  also  present  (lianvier).^ 
^  Comptes  Roidus,  vol.  110,  p.  686,  1890. 
-  Ibid.,  vol.  110,  p.  768,  1890. 
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24  Dry  Cover-Glass  Preparation  of  Blood.— Place  a  drop  of  frog's  blood 
on  a'cover-glass,  and  to  it  apply  another  cover-glass.  Press  the  two  glasses 
together,  and  then  slip  them  asunder.  There  will  be  a  thin  him  of  blood  on 
both  glasses.    Allow  the  films  to  dry.  ,         i  nr,  tbk 

In  I  watch-glass  place  a  dilute  watery  solution  of  methyl-green,  and  on  this 
float  the  cover^glasses,  with  the  blood-surface  next  the  staining  reagent,  as  in 
the  method  of  staining  bacteria.  .  fn,,^,  the 

After  ten  minutes  remove  the  cover-glass  ;  move  it  in  water  touch  the 
edee  of  it  on  blotting-paper  to  remove  the  surplus  green  fluid,  and  aUo\\  tiie 
Sfen  stain  on  the  gliss  to  dry.  After  it  is  dry,  add  a  drop  of  xylol  balsam 
fTd  place  the  cover-glass  on  a  slide.  This  forms  a  permanent  preparation  of 
blood-corpuscles,  whose  nuclei  are  stained  green.  . 

The  same  process  may  be  practised  with  other  aniline  dyes,  or  eosm  may  be 
combined  with  methyl-Veen,  as  the  former  stains  the  h.^nioglobin,  and  the 
lattpv  the  nucleus.    A  very  good  stam  is  eosin-hfBmatoxylin  {V-7°)- 

25  Double-Staining  of  kood-Corpuscles  (Methyl-green  a,id  -Diffuse 
a  thin  layei  of  frog's  blood  on  a  cover-glass,  allow  it  to  dry,  and  pour  on 
the  dry  re^sidue  a  i  per  cent,  watery  solution  of  methyl-green.  Leave  it  on 
foi  tei^mTnutes,  and  then  wash  off  the  surplus  stain.  Pour  on  a  .^veak  wat  ry 
solution  of  eosin,  and  after  five  minutes  wash  it  off  also  by  rinsing  the  slide 
e-pntlv  in  water  ;  dry,  and  add  xylol  balsam  ;  cover. 

^  Observe  that  some  of  the  corpuscles  have  the  nucleus  gi-een  and  the  sur- 
roundSrparrcoJpery-red.    EoL  is  almost  a  specific  reagent  for  detecting 

combinations  of  this  kind  may  be  made,  such  as  magenta  and 
^te^lTette^^^lLTirt^  blood  on  a  cover^lass,  and  to  tMs 

app?^  another  clver-glass,Vess  the  glasses  ^of^l'Ztt:i;'^7Lt^ 

Hue,  ..d  the  proloplaam  ot  the  CO  ouriess  co.pusc  e  "/ Pf  ;'»^^°'C%a«i^^ 
27.  The  advanced  student  should  '^^'^ '•''^'^IJ^J^'^ly'^^  j^^t, 
of  potas«»m  (5  per  cent.),  «re..  'P»CraSnSc?S  »  the  cotanid 

s5r"5sbtrrul\ci:rp^p^ 

,  *  tStSnieli',  £  Sti^:  ^'X  o?  ...  the  »ice  .s 
""irptudo-Membrane  of  th,  0.rp,^^<..--W^?^^^^'W^^^^^ 

thereby  stained.  noroiiscles  by  Hayem's  Fluid  (p.  122).— This  is 
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stained,  e.g.,  by  picro-carmiue,  and  keep  well  when  mounted  in  glycerine 
jelly. 

33.  Leucocytes  of  Crayfish  Blood  or  Hseniolymph. — The  colourless  blood  of 
the  crayfish  does  very  well  for  the  study  of  colourless  corpuscles.  Make  a  slit 
in  the  ventral  surface  of  the  abdomen  between  the  rings  and  the  blood  flows 
freely.  Receive  it  in  normal  saline  solution.  It  clots  quickly.  Mount  some  on 
a  slide,  and  if  it  be  desired  to  fix  the  corpuscles,  allow  a  jet  of  steam  to  play  on 
the  cover-glass  for  a  few  seconds.  If  the  fluid  contain  too  much  blood  there  is 
so  much  coagulable  proteid,  that  on  its  coagulation  by  the  steam  a  white  film 
obscuring  the  leucocytes  is  formed.  The  corpuscles  can  be  subsequently  stained 
with  picro-carmine  and  mounted  in  glycerine.  The  blood  contains  two  forms 
of  corpuscles — one  with  well-marked  amceboid  movements  and  provided  with  a 
large  spherical  nucleus  ;  the  other  filled  with  highly  refractile  granules,  which 
stain  red  with  picro-carmine. 

The  best  method  is  to  allow  a  drop  of  blood  to  fall  into  a  large  drop  of  i 
per  cent,  osmic  acid  previously  placed  on  a  slide.  This  at  once  kills  and 
"  fixes  "  the  corpuscles,  which  can  then  be  stained  with  picro-carmine,  or  i  per 
cent,  watery  solution  of  eosin.  The  latter  stains  their  protoplasma  and  its 
expansions  a  rose-pink. 


LESSOis^  III. 

HUMAN  BLOOD— CRYSTALS  PROM  BLOOD- 
BLOOD  PLATELETS. 

Wrap  a  twisted  handkerchief  round  the  ring-finger  of  the  left  hand, 
and  begin  at  the  base  of  the  finger,  gradually  constricting  the 
finger  from  the  base  towards  the  nail.  The  end  phalanx  will  there- 
by-become greatly  congested.  With  a  sharp  clean  sewing-needle 
prick  the  skin  at  the  root  of  the  nail ;  a  drop  of  blood  will  exude, 
to  which  rapidly  apply  a  slide ;  cover  the  drop  of  blood  on  the  slide 
with  a  cover-glass,  and  examine  it  as  quickly  as  possible. 

Observe  various  kinds  of  corpuscles  floating  in  a  fluid,  the 
blood-plasma  or  liquor  sanguinis.  Note  the  red  and  white  cor- 
puscles, the  former  being  far  more  numerous.  Blood  platelets  are 
also  present ;  but  it  requires  special  precautions  in  order  to  preserve 
them. 

1.  Human  Coloured  Blood-Corpuscles  (H). — {a.)  Observe  the 
field  of  the  microscope  crowded  with  the  red  or  coloured  disc-shaped 
corpuscles  much  smaller  than  those  of  the  newt;  they  are  only 
^TrVoth  of  an  inch  or  7.7  /a  (7.2  /A-7.8  yu)  in  breadth  (p.  21),  and 
TaWij  of  an  mch  or  2  /x,  in  thickness.  The  observer  may  notice 
that  when  the  corpuscles  cease  to  move,  after  a  time  corpuscles  may 
be  seen  adhering  to  each  other  by  their  flat  surfaces,  until  a  chain 


ii6 


PRACTICAL  HISTOLOGY. 


[in. 


riQ  72.— Human  Red  aud  "White  Blood-Corpuscles, 
ft.  Bed  coi'puscle  seen  on  the  flat ;  b.  In  profile ; 
c.  Krouleau;  d.  Three-quarter  face;  e,f.  Crenated 
corpuscles  ;  g.  Spherical ;  m.  Slightly  crenated  ; 
L  Large  white  corpuscle ;  I.  Small  white  cor- 
puscle ;  p.  Granular  leucocyte ;  n.  Tree  gi-anula- 
tions,  X  looo. 


of  these  bodies  resembling  a  pile  of  coins  is  produced  (fig.  72). 
This  is  the  so-called  formation  of  rouleaux  (fig.  72,0).    In  order  to 

obtain  rouleaux  a  lairly 
large  drop  of  blood  must 
be  taken.  These  chains  by- 
and-by  increase  in  number 
and  intersect  each  other,  so 
as  to  produce  a  network-like 
appearance  in  the  field.  In 
the  rouleaux  all  the  cor- 
puscles are  seen  edgeways. 

(&.)  Move  the  preparation 
until  a  part  of  it  is  found 
where  the  red  corpuscles 
are  to  be  seen  not  in 
rouleaux,  but  isolated  and 
lying  on  the  flat. 

Study  a  Single  Bed  Cor- 
puscle  —Observe  its  shape  ;  when  seen  on  the  flat  it  is  circular  in 
outline,  and  on  bringing  its  edge  sharply  into  focus,  a  darker  area 
is  seen  in  its  centre  (fig.  74,  «)•  ™® 
adjustment  be  used,  so  as  to  bring  the  lens 
nearer  the  corpuscle,  the  dark  centre  is  replaced 
by  a  lighter  area,  while  the  rim  becomes  darker 

(fig.  74, 

Sketch  the  two  appearances. 
This  is  due  to  the  fact  that  these  bodies 
are  bi-concave  circular  discs.    The  dark  area 
in  the  centre  is  not  due  to  the  presence  of  a 
nucleus,  as  they  are  non-nucleated. 

This  is  confirmed  by  examining  a  corpuscle 
seen  on  edge,  when  it  appears  somewhat  dumb- 
bell shaped  (figs.  72,  b,  73,  2).  _ 
In  size  they  are  much  smaUer  than  those  of  Amphibia  being  only 
1   th  of  an  inch  (7.7      in  their  greatest  diameter.    Then- border 
is  smooth,  rounded,  and  regular,  their  colmr  is 
pale  straw-yellow,  their  surfaces  are  smooth,  and 
they  are  homogeneous  throughout.     As  to  traiis- 
parenciL  the  outline  of  one  corpuscle  can  be  seen 
through  one  overlapping  it.    They  are  soft  and 
flexible,  so  that  if  they  impings  on  other  objects 
they  may  change  their  form,  which  they  rapidly 
regain,  so  that  they  are  elastic. 

(c  )  Measure  the  actual  size  of  several  corpuscles 
by  the  method  described  at  p.  20.    It  will  be  found  that  all  the 


pio.  73._lled  Blood-Cor- 
puscles. Human  ;  i. 
Seen  on  their  surface ; 
2.  Seen  edgeways;  3. 
United  into  a  rouleau. 


Fig.  74.— Bed  Cor- 
puscle seen  on  the 
flat.  a.  On  rais- 
ing, and  6.  On 
depressing  the  ob- 
jective, X  1000. 
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corpuscles  are  not  of  absolutely  the  same  size.  This  variation  in 
size  becomes  more  marked  in  some  diseases. 

2.  Colourless  Corpuscles. — With  a  little  care  in  observing, 
especially  when  the  red  corpuscles  are  in  rouleaux,  here  and  there  in 
the  field  a  few  colourless  corpuscles  will  be  found.  They  remain 
isolated  and  do  not  form  groups.  They  are  few  in  number,  only 
three  to  ten  being  found  in  one  field.  The  proportion  is  about  3  to 
10  per  1000  of  red.  They  are  usually  spherical,  and  although  they 
exhibit  amoeboid  movements  at  40°  C,  at  the  ordinary  temperature 
they  do  not  do  so,  and  appear  as  nucleated  finely  granular  masses  of 
protoplasm.  They  rapidly  alter  after  they  are  shed.  Some  of  them 
are  larger  {-^r^^  inch  or  10  in  diameter),  others  smaller  than  the 
red  corpuscles  (fig.  72,  L,  I). 

Move  the  cover-glass  so  as  to  cause  a  current  in  the  preparation. 
Ifote  that  the  colourless  corpuscles  adhere  to  the  glass, — they  are 
sticky  and  adhesive, — while  the  coloured  ones  being  smooth,  and 
polished,  glide  over  each  other,  and  frequently  impinge  on  the 
colourless  ones  without  displacing  the  latter. 

3.  Blood-Plates  (see  p.  123). 

4.  Acetic  Acid,  Tannic  Acid  (fig.  66,  a,  b),  Water,  Syrup,  and 
Magenta  act  in  great  part  in  the  same  manner  on  the  coloured  and 
colourless  corpuscles  of  man  and  mammalia  as  on  the  corpuscles  of 
Amphibia.  The  differences  are  due  to  structural  differences  in  the 
corpuscles. 

Thus  in  the  coloured  mammalian  corpuscles  acetic  acid  de- 
colorises them  and  renders  them  spherical  (but  of  course  no  nucleus 
is  revealed),  leaving  a  hull  or  stroma,  almost  invisible  in  the  field. 
Syrup  shrivels  them,  magenta  reveals  no  nucleus,  but  on  the  side 
of  some  of  the  corpuscles  a  little  spot  may  be  observed.  BUe  makes 
them  pale,  and  finally  dissolves  them.  Water  decolorises  the  red 
corpuscles,  and  makes  the  blood  "laky.  " 

5.  Amoeboid  Movements  of  White  Blood-Corpuscles. — In  order 
to  study  these  movements  in  the  white  blood-corpuscles  of  man  and 
warm-blooded  animals  generally,  the  temperature  of  the  blood  must 
be  near  the  temperature  of  the  body.  To  keep  the  preparation 
warm,  some  form  of  warm  or  hot  stage  is  necessary. 

For  the  purposes  of  the  student  the  following  simple  contrivance 
is  sufficient.  Take  an  oblong  copper  plate,  76  mm.  long,  25  mm. 
broad,  and  1.5  mm.  thick,  with  a  rod  100  mm.  long  projecting  from 
one  side  of  it,  as  shown  in  fig.  75.  In  the  centre  of  the  oblong 
plate  of  copper  is  a  hole  15  mm.  in  diameter.  Fix  the  oblong  plate 
to  an  ordinary  glass  slide  by  means  of  sealing-wax. 

INIake  a  preparation  of  blood.  Take  a  cover-glass  i  inch  square, 
and  on  it  place  a  drop  of  normal  saline  solution,  and  to  the  latter 
add  a  drop  of  blood.    Mix  them.    Apply  a  |-inch  cover-glass,  so  as 
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to  have  a  layer  of  diluted  blood  in  a  thin  film  between  the  two 
cover-glasses,  and  exactly  filling  the  space  between  them.  Any 

surplus  fluid  at  the  edge  of  the  cover- 
glasses  must  be  removed  by  blotting-paper. 
With  a  camel's-hair  pencil  then  run  a  layer 
of  oil  round  the  edge  of  the  smaller  cover- 
glass,  or  the  preparation  may  be  sealed  up 
with  melted  paraffin  wax.  This  wiU  pre- 
vent evaporation.  The  larger  cover-glass 
acts  the  part  of  a  slide. 

Fix  the  warm  stage  on  the  stage  of  the 
microscope  by  means  of  the  clips  on  the 
microscope,  and  over  the  aperture  in  the 
warm  stage  place  the  cover-glasses.  Focus 
the  corpuscle  between  the  two  cover- 
glasses,  and  notice  that  the  colourless 
ones  do  not  exhibit  amcsboid  move- 
ments. 

Heat  the  projecting  rod  by  means  of  a 
spirit-lamp.  The  heat  travels  along  the 
copper,  and  finally  warms  the  cover-glasses 
and  the  layer  of  blood  between  them.  It 
must,  however,  not  be  overheated.  In 
order  to  prevent  overheating,  make  pre- 
viously a  mixture  of  cacao-butter  and 
white  wax,  which  melts  at  38°  C,  and 
place  a  fragment  of  this  on  the  copper 
stem  near  the  copper  plate.  Heat  should 
be  applied  until  the  wax  just  begins  to  melt.  ^  ,    .    .  , 

Observe  the  colourless  corpuscles  when  heated  begmnmg  to 


Fm.  75.— Simple  Copper  Wai-m 
Stage. 


,fi  -Warm  Stage  made  by  Reicliert  of  Vienna.  It  costs  £i.  A,  A'.  Screws  to  fix  it 
*IG.  76.--Wam  fetag  .^^^     ^  n^icroscope ;  B.  Inflow,  and  B'.  Outflow  o£  water. 

exhibit  amoeboid  movement.  Sketch  a  corpuscle,  and  in  a  few 
minutes  make  another  sketch  and  compare  the  two. 
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Fig.  77. — Crenation  of  Human 
Ked  Blood-Corpuscles,  x  300. 


In  the  more  expensive  forms  of  warm  stages,  as  those  of  M. 
Schultze  and  others,  warm  water  at  a  known  temperature  is  passed 
through  a  brass  box  which  rests  on  the  stage  of  the  microscope,  and 
the  exact  temperature  is  determined  by  means  of  a  delicate  thermo- 
meter. Fig.  76  shows  a  convenient  form  of  hot  stage,  which  can  be 
clamped  to  the  stage  of  any  microscope.  It  is  heated  by  means  of 
warm  water  which  passes  in  at  B,  and,  after  traversing  a  system  of 
tubes,  out  at  B'.    It  is  provided  with  a  thermometer. 

6.  Crenation  of  Coloured  Corpuscles  (H). — Mix  a  drop  of 
human  blood  with  a  2  per  cent,  solution  of  common  salt.  Note 
the  change  of  colour,  (a.)  Observe  that 
some  corpuscles  shrink  in  part,  and  become 
crenate  or  beset  with  short  spines  (fig.  77). 
This  is  due  to  exosmosis  of  fluid  from  the 
corpuscles.  The  colour  becomes  slightly 
deeper  than  in  normal  corpuscles.  All  the 
corpuscles  are  not  aifected  simultaneously 
or  to  the  same  extent. 

In  some  individuals,  merely  exposing  the 
blood  to  the  air  for  a  few  minutes  before 
applying  a  cover-glass  suffices  to  produce 
this  condition  (fig.  72,  e,  f);  but  in  any 
specimen  of  blood  it  may  be  readily  produced  in  the  majority  of 
red  corpuscles  by  acting  on  them  with  a  saline  solution  of  appro- 
priate concentration. 

It  has  been  observed  that  in  the  blood  of  a  mammal  poisoned  by 
Calabar-bean  the  blood-corpuscles  are  crenated. 

7.  Dilute  Alkalies. — Use  a  0.2  per  cent,  solution  of  caustic 
potash  {i.e.,  2  grams  in  1000  cc.  of  normal  saline).  It  dissolves 
both  the  red  and  white  corpuscles. 

8.  Fibrin  (H). — Make  a  preparation  of  human  blood,  using  a 
large  drop.  Cover  it  and  jsut  it  aside  for  half-an-hour  or  longer 
until  the  blood  coagulates. 

(a.)  Observe  carefully,  and  in  the  meshes  between  the  rouleaux 
fine  threads  forming  a  delicate  network  will  be  seen.  They  are 
fibrils  of  fibrin. 

(h.)  A  better  method,  however,  is  to  mix  on  a  slide  a  drop  of 
blood  with  a  drop  of  normal  saline  solution.  Cover  and  put  it 
aside  for  an  hour  or  so  to  clot,  and  then  irrigate  with  water  or  dilute 
alcohol  (p.  25),  which  rapidly  decolorises  and  washes  away  the  red 
corpuscles,  and  thus  brings  into  view  a  fine  fibrillar  network  of  fibrin 
in  the  field.  Irrigate  with  a  watery  solution  of  Spiller's  purple  (r 
per  cent.),  which  stains  the  network  of  fibrin  a  purplish  tinge  (fig. 
78).  Raise  the  cover-glass,  and  to  it  will  be  found  adhering  a  thin 
film  of  fibrin.    Dry  the  film,  apply  a  drop  of  balsam,  and  mount  the 
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specimen  as  a  permanent  preparation.  Numerous  purple  stained 
threads  of  fibrin  are  seen  stretching  from  colourless  corpuscles,  the 
latter  having  their  nuclei  stained  purple. 

Crystals  from  Blood. — The  haemoglobin  of  certain  animals 
crystallises  very  readily,  e.r/.,  rat,  guinea-pig. 

9.  Haemoglobin  Crystals  of  Rat's  Blood  (H). — Place  a  drop  of 
defibrinated  rat's  blood  on  a  slide,  add  two  drops  of  water,  and  mix. 
Apply  a  cover-glass.  After  a  few  minutes,  near  the  edge  of  the 
cover-glass  oblique  rhombic  crystals  of  haemoglobin  will  be  found. 
At  first  they  are  small,  but  they  gradually  become  larger.  They 
may  be  single,  or  arranged  in  rosettes,  or  crossing  each  other 

(fig-  79)- 

10.  Crystals  from  G-uinea-Pig's  Blood  (H). — To  a  drop  of  the 


Fig.  78.— Fibrils  of  Fibriu 
of  Coagulated  Blood. 


<: 
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FIG.  80.— Hsemo- 
globiu  Crystals 
from  Blood  of 
Guinea-Pig. 


FlO.  79.— Hfemoglobiu  Crystals  from 
Kat's  Blood,  x  300. 

defibrinated  blood  add  a  drop  of  Canada  balsam  or  clove-oil,  mix, 
and  apply  a  cover-glass.  It  is  perhaps  better  to  place  the  balsam 
or  clove-oil  on  the  slide  first,  then  to  place  the  drop  of  blood  on 
the  top  of  the  oil  or  balsam,  and  then  to  mix  them ;  very  soon 
(about  10  minutes)  large  red  tetrahedral  crystals  are  formed. 
These  crystals  cannot  be  preserved  for  any  length  of  time  (fig.  80). 

Sometimes  very  good  crystals  of  haemoglobin  from  human  blood 
are  obtained  from  leeches  which  have  sucked  blood  some  weeks- 

previously.  .     ■  ^  ^^  j 

11.  Hsemin  Crystals  (H).— Place  a  few  particles  of  dried  blood 
on  a  slide,  add  a  small  crystal  of  common  salt,  and  two  drops  of 
glacial  acetic  acid.  Cover.  Heat  over  the  flame  of  a  spirit-lamp 
until  bubbles  of  gas  are  given  off,  i.e.,  until  it  boils.  Allow  it  to 
cool.    Or  mix  fresh  blood  on  a  slide  with  a  minute  quantity  of  2  per 
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cent,  salt  solution.  Heat  the  mixture  until  it  becomes  brownish  in 
tint,  add  glacial  acetic  acid  and  heat.  On  cooling,  crystals  of  hsemin 
are  obtained.  Should  there  be  any  cubes  of  common  salt  present 
irrigate  with  water,  which  soon  removes  the  latter.  Haemin  crystals 
are  insoluble  in  water. 

(a.)  Observe  the  small  brownish  or  black  rhombic  crystals,  either 
singly  or  in  rosettes,  scattered  over  the  field  or  on  the  surface  of 
the  larger  masses  of  blood  (fig.  8i). 


Fig.  82.— Leukremic  Blood. 


(6.)  To  preserve  them,  remove  the  acid,  raise  the  cover-glass, 
dry  the  preparation,  and  mount  them  in  balsam. 

12.  Eniimeration  of  the  Blood  Corpuscles.— See  the  author's 
Outlines  of  Practical  Physiology,  Lesson  VI.,  p.  42. 

13.  Leuksemic  Blood  (H).— If  a  small  quantity  can  be  obtained 
from  a  patient  in  the  hospital,  examine  it. 

{a.)  Observe  the  great  excess  of  colourless  corpuscles.  Accord- 
ing to  the  variety  of  the  leuksemia,  they  may  be  larger  or  smaller 
in  size  than  most  of  the  coloured  corpuscles  (fig.  82). 


ADDITIONAL  EXERCISES. 

14.  Human  Blood  and  AnUine  Dyes  ( H;.— Make  a  cover-glass  preparation 
of  human  blood  (Lesson  IL  24).  Ehrlich  heated  the  cover-glass  in  an  air- 
oven  to  a  temperature  of  120°  for  several  hours  to  coagulate  the  proteids.  To 
avoid  this,  place  the  covers  for  two  hours  in  the  alcohol  and  ether  mixture 
(Lesson  IL  26),  and  then  stain  them  in  methylene-blue  as  directod  for  frof^'s 
blood-corpuscles,  or  stain  in  i  per  cent.  Spiller's  purple  or  a  weak  alcoholic 
solution  of  rosein.    After  washing  and  drying,  mount  them  in  xylol  balsam. 

In  the  methylone-blue  preparation  the  coloured  corpuscles  are  unstained, 
but  some  of  the  colourless  ones  have  their  nuclei  stained  blue,  while  the 
surrounding  protoplasm  is  unaffected;  in  other  colourless  corpuscles  the 
granules  in  the  protoplasm  are  stained.  These  corpuscles  correspond  to 
JLhrhch  s  basophile  corj)Uscles.  In  the  other  preparations  both  the  coloured 
ana  colourless  corpuscles  are  stained. 
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15.  Varieties  of  Leucocytes  in  Blood. — According  to  Ehrlich,  the  following 
varieties  of  colourless  corpuscles  are  present  in  the  blood.  (Also  Lesson 
XXXVIIL) 

[a.)  Small  lymphocytes.  They  are  slightly  smaller  than  the  red  corpuscles, 
and  possess  a  large  spherical  readily-stained  nucleus,  which  almost  tills  the 
cell,  being  surrounded  only  by  a  small  quantity  of  protoplasm. 

(6.)  Large  Zi/mpAocj/tes  are  said  to  represent  an  advanced  stage  of  (a).  They 
are  twice  as  large  as  («),  have  a  large  nucleus  surrounded  by  a  well-defined  zone 
of  protoplasm,    (a)  and  (6)  together  make  up  25  per  cent,  of  the  leucocytes 

in  blood.  .  ,  j  i. 

(c.)  Mononuclear  elements,  or  transition  forms,  are  distinguished  froni  the 
large  lymphocytes  by  their  nucleus  not  being  quite  spherical,  and  having  a 
depression  in  the  middle. 

(d.)  Polynuclear  leucocytes,  which  are  smaller  than  (c),  but  larger  than 
red  blood-corpuscles.  They  contain  a  nucleus  composed  of  several  lobes,  or 
several  nuclei  which  stain  readily  and  deeply.  They  represent  70  per  cent,  of 
all  the  leucocytes  of  the  blood,  and  can  migrate  from  the  vessels. 

(e.)  Eosmophiloiis  cells.  The  nucleus  stains  less  deeply  than  (d).  The 
granules  which  are  present  in  the  protoplasm  stain  deeply  with  eosin,  i.e., 
become  intensely  red.    They  occur  but  sparsely  in  normal  blood. 

16.  Staining  of  Leucocytes  {Ehrlich). 

(1.)  Make  a  cover-glass  preparation  of  blood  and  dry  it  for  several  hours 
at  120'  C. 

(2.)  Stain  it  for  several  hours  in  Ehrlich's  acid-h£ematoxylin,  eosin 

solution,  or  in  a  strong  glycerine  solution  of  eosin. 
(3.)  Wash  in  water,— dry  and  mount  in  xylol-balsam. 
The  nuclei  of  the  white  blood-corpuscles,  as  well  as  the  lymphocytes  and 
polynuclear  forms,  are  deeply  coloured  ;  the  nuclei  of  the  mononuclear  forms 
are  bluish-gi-ay,  the  red  corpuscles  copper-red,  and  the  eosinoplule  granules 

red  (Kahlden).  .       .  „     4.  •  ■  „ 

17.  Eosinophilous  Cells.— If  it  be  desired  to  stain  only  these  cells,  stain  a 
cover-glass  preparation  with  a  sti'ong  glycerine  solution  of  eosm.  The  results 
of  Ehrlich  and  his  pupils,  will  be  found  in  his  pamphlet.^ 

18  Action  of  Hayem's  Fluid.— This  is  an  extremely  useful  fluid  for  pre- 
serving and  fixing  the  blood-corpuscles,  and  can  be  employed  both  lor  the 
blood  of  animals  and  of  man.    It  consists  of 

Sodic  chloride  i  grm. 

Sodic  sulphate        .       .       •       ■       S  gr^s. 

Corrosive  sublimate  .       .       .       •    o-  5  g'"™' 

Distilled  water  ....  200  cc. 
The  blood  is  run  direct  ft'ora  a  blood-vessel  into  this  fluid  in  the  proportion 
of  I  of  blood  to  100  of  the  fluid.  It  takes  several  hours  to  harden  and  tx  the 
corpuscles,  but  twenty-four  hours  is  not  too  long.  By-aud-by  the  corpuscles 
subside,  and  the  supernatant  fluid  can  then  be  decanted,  and  the  depos  t  of 
Wood-corpuscles  well  washed  with  water  to  get  rid  of  the  salts  of  the  mixture. 
These  corpuscles  can  then  be  stained  with  various  reagents,  or  eosiu  may  be 

^"^f^i  Make' an'experiment  with  frog's  blood,  and  stain  the  corpuscles^  for  a 
day  or  so  with  borax-carmine  and  mount  the  stained  corpuscles  m  glycerine  or 

^^STstaiflnother  specimen  with  very  dilute  eosin -hfematoxyliu  (p.  jp). 
Thel-Emoglobin  is  stained  by  the  eosin,  and  the  nuc  ei  by  the  ha;matoxylin. 
It  is  preserved  as  («).    Otlier  combinations  of  dyes  will  suggest  themselves. 
(c. )  Make  similar  preparatians  of  mammalian  blood. 
I  Farbcnanaly.  Unters.  z.  Histologic  und  Klinik  d.  Bhdcs,  Berlin,  1891. 
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FIG.  83.-1, 


19.  Blood-Plates  or  Platelets  (H).— Wrap  a  handkerchief  round  a  finger  to 
obtain  some  blood  (Lesson  III.,  p.  115).  On  the  skin  at  the  root  of  the  nail 
place  a  drop  of  normal  saline  containing  methyl-violet  (.75  gram  m  1000  cc.). 
Through  this  drop  prick  the  finger,  and  blood  runs  into  it.  Place  a  little  of  the 
mixed  blood  and  methyl-violet  solution  on  a  slide  ;  cover  at  once  and  examine. 

It  requires  a  good  microscope  and  careful  observation  to  see  the  platelets. 
The  red  corpuscles  are  unstained  while  the  colourless  corpuscles  are  stained.  In 
the  field  are  to  be  seen  small  oval,  refractive,  very  delicate,  non-nucleated 
bodies,  much  smaller  than  the  red  corpuscles 
— these  are  the  blood-plates  (fig.  83,  3).  They 
are  about  2.5  in  diameter.  They  undergo 
changes  exceedingly  rapidly  in  shed  blood. 

Instead  of  methyl-violet  solution,  the  skin 
may  be  pricked  through  a  drop  of  the  follow- 
ing mixture: — I  part  of  I  per  cent,  osmic 
acid,  and  2  parts  .75  per  cent,  sodic  chloride. 

By  far  the  best  method  of  obtaining  blood- 
platelets  in  large  quantity,  and  in  a  condition 
in  which  they  do  not  disappear,  is  to  allow 
blood  to  flow  into  a  solution  of  oxalate  of 
potash  until  the  mixture  contains  at  least 
I  per  1000  of  the  salt.  This  prevents  coagula- 
tion of  the  blood.  On  placing  such  blood  in  a 
centrifuge,  when  the  corpuscles  subside  a  film  of  grayish  material  accumulates 
on  their  surface,  which  consists  chiefly  of  blood-plates.  A  drop  of  this  spread 
on  a  slide,  dried,  and  stained  with  a  watery  solution  of  methyl-violet  5  B  and 
mounted  in  balsam,  yields  permanent  preparations  of  these  bodies  (Moser). 

20.  Blood-Platelets — Dry  Method  (H). — Clean  a  slide  thoroughly  ;  sterilise 
it  in  the  flame  of  a  Bunsen-burner,  and  allow  it  to  cool.  Obtain  a  drop  of 
blood  from  the  finger  in  the  usual  way  ;  get  a  drop  on  the  slide,  and  with  the 
edge  of  another  slide  rapidly  spread  the  drop  of  blood  as  a  thin  film  on  the 
sterilised  slide.  Move  the  slide  to  and  fro  in  the  air  until  the  film  of  blood 
dries.  The  whole  process  should  not  occupy  more  than  four  seconds.  Cover 
the  dry  film  with  a  cover-glass  and  seal  the  latter  at  the  corners  with  paraffin. 

(«.)  Observe  the  coloured  blood-corpuscles,  which  for  the  most  part  retain 
th  eir  shape,  and  between  them  the  blood-platelets  or,  as  Hayem  calls  them, 
the  hrematoblasts.  They  are  readily  seen  thus  in  human  blood.  The  white 
corpuscles  are  somewhat  altered  in  shape. 

21.  Weigert's  Method  of  Staining  Fibrin.— Embed  a  thrombus  or  a  piece 
of  lung  affected  with  acute  croupous  pneumonia  in  celloidin,  and  make  a 
section.  Float  the  section  from  water  on  to  a  slide.  Stain  it  for  ten  minutes 
or  so  with  a  drop  of  the  following  fluid  : — 


2.  Coloured  corpuscles 
with  3.  Blood-plates ;  4.  Lymph 
corpuscle  surrounded  by  blood- 
plates. 


Gentian  violet  (5  per  cent. 
Aniline  oil  . 
Alcohol  (96  per  cent. ) 


44  cc. 
I  ., 

6  ,', 


Kemove  the  stain  by  pressing  on  the  section  two  or  three  plies  of  blotting- 
paper,  or,  better,  unsized  printing-paper.  Add  a  drop  of  iodine  in  iodide  of 
potassium  (iodide  of  potassium  5  per  cent,  and  saturated  with  iodine).  This 
quickly  decolorises  most  of  the  stained  parts.  Remove  the  iodine  with  blot- 
ting-paper in  the  same  way  as  before. 

Pour  on  the  section  a  mixture  of  equal  volumes  of  xylol  and  aniline  oil, 
moving  the  mixture  over  the  preparation.  Remove  this  and  apply  a  fresh 
supply  of  the  xylol-aniline  oil  mixture.  This  removes  all  the  water.  As 
long  as  there  is  a  trace  of  whiteness  in  the  section  it  still  contains  water. 
After  all  the  water  is  removed,  dry  the  preparation  with  paper  as  before,  to 
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remove  as  mwch.  aniline  oil  as  possible.    "Wash  the  preparation  several  times 
with  xylol  to  remove  the  last  traces  of  the  aniline  oil  and  mount  in  xylol- 
balsani. 
The  stages  are  as  follows  : — 

1.  Harden  in  alcohol. 

2.  Stain  S-15  minutes  in  concentrated  aniline  water  solution  of  gentian 

violet. 

3.  Dry  with  blotting-paper. 

4.  Apply  iodine  solution  (2-3  mins.). 

5.  Dry  with  blotting-paper. 

6.  Decolorise  and  wash  in  aniline-xylol. 

•   7.  Remove  the  latter  and  mount  in  xylol-balsam. 
(a.)  Observe  the  threads  of  fibrin— very  fine  and  numerous— stained  a  beau- 
tiful violet. 

22.  Solvent  Action  of  Serum.— Place  some  blood  of  a  rabbit  or  gumea-pig 
in  a  drop  of  blood  serum  of  a  dog.  The  red  corpuscles  are  completely  dis- 
solved in  a  few  minutes.  The  blood-corpuscles  of  a  pigeon  or  frog  are  similarly 
but  more  slowly  dissolved,  except  the  nuclei.  This  property  of  dog's  serum  is 
set  aside  by  previously  heating  the  serum  to  So°-6o°  C.  for  about  half-an-hour. 


LESSON  IV. 

EPITHELIUM  (STRATIFIED)  AND  ENDOTHELIUM. 

Epithelium  presents  the  following  general  characters  :— 

1.  It  is  always  disposed  on  surfaces. 

2.  The  cells  are  united  by  cement. 

3.  There  are  no  blood-vessels  within  the  cells. 

Varieties  of  Epithelium. 

1.  Squamous. 

2.  Columnar. 

3.  Secretory. 

4.  Transitional. 

5.  Ciliated. 

Squamous  Epithelium  may  occur  either  in  a  single  layer,  or  in 
several  lasers ;  in  the  former  case  it  is  sometimes  called  endothelium, 
in  the  latter  it  is  said  to  be  stratified. 

(A )  In  a  single  layer  it  lines  serous  and  synovial  membranes, 
heart  blood-  and  lymph-vessels,  air-cells  of  lung,  pigmentary  layer 
of  retina  posterior  surface  of  cornea,  anterior  surface  of  iris, 
membranes  of  brain  and  spinal  cord,  surfaces  of  tendons  and  tendon 
sheaths,  &c. 
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As  endothelium,  it  consists  of  a  single  layer  of  flattened  squamous 
transparent  cells  united  to  each  other  at  their  edges  by  means  of  a 
cement  substance. 

(B. )  As  stratified  squamous  epithelium,  it  covers  the  sldn  (epi- 
dermis), and  lines  the  following  cavities  and  surfaces  : — mouth, 
pharynx  (lower  half),  oesophagus,  conjunctiva,  over  anterior  surface 
of  cornea,  vagina,  and  lower  half  of  cervix  uteri,  and  entrance  of 
urethra. 

I.  Isolated  Squamous  or  Scaly  Epitheliiun  Cells. — With  the 
finger-nail  or  a  small  section-lifter  gently  scrape  the  inner  surface  of 
the  lip,  place  the  scrapings  on  a  slide,  add  a  drop  of  saliva, 
skimming  ofi^  any  air-bubbles  with  a  needle,  cover,  and  examine. 

1.  Squames  (H). — {a.)  Observe  large  flat  plates  or  squames 
floating  in  the  field,  either  singly  or  in  groups  ;  the  cells  of  the  latter 
may  be  united  by  their  edges,  or  by  their  edges  and  surfaces. 
Select  a  single  squame  seen  on  the  flat.  Note  its  large  size,  being 
five  to  ten  times  broader  than  a  red  blood-corpuscle  ;  its  polygonal 
shape ;  the  colourless,  transparent,  and,  it  may  be,  slightly  granular 
body  of  the  cell,  and  the  small  oval  excentrically-placed  nucleus. 

(6.)  On  some  of  the  cells  fine  lines  may  be  seen,  some  of  them 
due  to  folds,  but  most  of  them  to  facets,  indicating  that  the  cell 
has  been  overlapped  and  slightly  indented 
by  its  neighbour.  Select  a  group  of  cells 
where  the  cells  can  be  seen  adhering  to  each 
other  by  their  edges  and  surfaces,  as  the 
squames  occur  in  several  layers.  It  is  well 
also  to  look  for  a  cell  seen  edgeways,  to 
observe  that  it  is  really  a  flat  plate  (fig.  84). 

(c.)  ISTot  unfrequently  fungi,  such  as 
bacteria,  may  be  seen  adhering  to  the 
squames. 

{d.)  Salivary  Corpuscles  may  be  seen. 
They  are  sharply-defined  spherical  cells,  pro- 
vided with  a  membrane,  and  about  the  size 
of  a  colourless  blood-corpuscle.  They  contain 
fine  granules,  which  in  the  fresh  condition 
of  the  corpuscles  may  be  seen  to  exhibit 
Brownian  movement  (Lesson  I.  6).  Each 
small 


Fig.  84.— Cells  of  stratified 
Sfiuamous  Epithelium  ile- 
tachetl  from  the  Mouth, 
s.  Salivary  coriiuscles. 


cell 


may  contain  one 

spherical,  excentrically-placed  nucleus,  or  sometimes  two 
nuclei  may  be  present.  They  seem  to  be  leucocytes  distended  with 
fluid. 

2.  Magenta.— Irrigate  the  preparation  with  a  watery  solution  of 
magenta  (p.  74),  which  stains  deeply  the  nuclei  of  the  squames  and 
salivary  corpuscles,  while  the  peri-nuclear  parts  of  these  cells  are 
less  deeply  stained.    As  the  magenta  contains  alcohol,  the  latter 
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precipitates  the  mucin  of  the  saliva  either  in  the  form  of  fine  threads 
or  in  membranes,  which  are  stained  red  by  the  magenta. 

3.  Epidermis  of  Newt— Superficial  Layers  of  Stratified  Epithe- 
lium (L  and  H). — Keep  a  newt  or  frog  for  a  day  or  two  in  a  small 
quantity  of  water,  and  do  not  change  the  water.  Very  soon  the  super- 
ficial layers  of  squames  will  be  "cast"  as  thin  membranes.  Take 
these,  and  harden  them  in  absolute  alcohol.  Stain  a  thin  piece  in 
hsematoxylin,  and  mount  it  in  balsam. 

(a.)  Try  to  get  a  layer  sufficiently  thin,  so  that  the  cells  are  only 
one  layer  thick.    Note  the  polygonal,  large,  nucleated  cells  united  to 

each  other  by  tlieu'  edges  by  means 
of  a  clear  cement  substance  (fig.  85). 

(&.)  The  nucleus  is  usually  ex- 
centric,  and  surrounded  by  slightly 
granular  material.  In  the  nucleus 
are  usually  two  or  three  nucleoli, 
and  sometimes  an  intra-nuclear 
plexus  of  fibrils  is  visible,  especially 
in  the  cells  of  the  deeper  layers. 
Sometimes  granules  of  the  pigment 
melanin  are  seen  in  the  cells,  especi- 
ally from  a  dark-pigmented  newt. 

4.  V.S.  of  Stratified  Epithelium. 
— This  may  be  conveniently  ex- 
amined either  in  a  vertical  section 
of  the  skin  of  the  palm  of  the 
hand,  or  a  similar  section  of  the  mucous  membrane  covering  the 
hard  palate  of  a  cat  or  the  conjunctiva  on  the  cornea  _  The  skm 
must  have  been  previously  prepared  by  being  hardened  m  absolute 
alcohol  or  chromic  acid  and  spirit  mixture  (p.  29),  while  the  mucous 
membrane  may  be  hardened  in  the  chromic  acid  and  spirit  or 

Midler's  fluid.  ,  ,    -,     .1        4.  • 

If  the  mucous  membrane  of  the  hard  palate  be  taken,  stain  it 
with  picro-carmine  and  mount  in  Warrant's  solution.  Or  the  mucous 
membrane  may  be  stained  in  bulk  in  borax  carmme  embedded  and 
cut  in  paraffin.    In  the  latter  case  the  sections  are  best  mounted  in 

^t«TExamine  it  first  with  (L).  Observe  the  epithelium  arranged 
in  many  layers,  covering  a  connective-tissue  basis-the  lat  er 
stained  red-and  projecting  in  the  form  of  fine  papillae  into  the 
e^thdid  layer  (fig.' 86).°  Neglect  the   connective-tissue  basis 

"^"tbUH)  Select  a  thm  part  of  the  deeper  layers  of  the  epithelium 
ne  r  the  papilla,  and  note  that  the  cells  there  ai^e  --diat^  s^^^^^ 
and  cylindrical,  with  their  nuclei  stained  red.    Study  the  change 


Fig.  85.— Superficial  Layer  of  Sciuames 
cast  from  the  Epidermis;  of  a  Ne^vt. 
Alcohol  and  hcematoxylin,  x  300. 
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in  the  form  of  the  cells  towards  the  free  surface  of  the  epidermis 
(fig.  86),  where  they  become  corneous  and  less  granular. 

(c.)  Note  in  the  deeper  layers  of  the  epithelium  prickle-cells. 
Adjacent  cells  are  connected  by  very  fine  processes  or  "  intercellular 
bridges."  The  fine  spaces  between  the  bridges 
are  caUed  "intercellular  chaimels."  '\^1len 
these  are  broken  across  and  the  cells  isolated,  the 
cells  present  the  appearance  of  being  beset  by 
very  fine  processes,  and  hence  they  are  called 
"  prickle-ceUs." 

(d.)  The  cells  vary  in  their  shape  and  characters 
from  below  upwards.  It  will  be  easy  to  detect 
the  horny  layer  above,  composed  of  many  layers 
of  flattened,  hardened  cells.  This  forms  a  fairly 
well-marked  layer,  the  cells  being  clearer  than 
those  situated  more  deeply ;  the  nuclei  are  less 
conspicuous,  and  the  ceUs  generally  stain  yellowdsh 
with  picro-carmine. 

5.  Non-Corneous  Stratified  Epithelium  from 
the  (Esophagus  (H). — Macerate  the  mucous 
membrane  of  the  oesophagus  of  a  calf  or  other 
animal  for  a  week  in  ~  per  cent,  bichromate  of 
potash.  This  "dissociates"  the  epithelial  cells, 
so  that  when  the  surface  is  scraped,  one  obtains 
isolated  cells.  Make  a  cover-glass  preparation 
(p.  114),  and  stain  it  in  aniline-water-gentian- 
violet,  i.e.,  gentian-violet  solution  dropped  into 
aniline  water  (p.  73).   Dry  and  mount  in  balsam. 

(a.)  Observe  the  isolated  squamous  cells,  each  with  a  small  ex- 
centricaUy-placed  nucleus  stained  of  a  violet  tint.  Numerous  facets 
are  seen  in  the  cells,  and  their  shape  both  on  the  flat  and  on  edge 
can  be  carefully  studied. 

(b.)  If  desired,  stain  some  in  picro-carmine.  This  is  best  done  by 
keeping  them  in  the  picro-carmine  on  a  slide  placed  under  a  bell-jar, 
with  water  to  prevent  evaporation,  i.e.,  in  a  moist  chamber. 

6.  Horny  Epidermis.— Macerate  a  shred  of  epidermis  in  35  per 
cent,  caustic  potash.  After  a  time  it  is  softened  and  can  be  broken 
up  with  needles.  The  cells  fall  asunder  and  swell  up  in  the  fluid, 
and  appear  as  spheroidal  cells  with  a  membrane,  but  no  nucleus  is 
visible.  Examine  them  in  the  potash  solution.  No  water  must  be 
added,  else  the  cells  are  dissolved. 

7.  Prickle  CeUs  (H).— Place  for  twenty-four  hours  in  i  per 
cent,  osmic  acid  a  small  piece  of  the  palmar  surface  of  the  skin 
—less  than  one-eighth  of  an  inch  cube— from  a  freshly-amputated 
finger.    Make  vertical  sections  by  freezing,  or  after  embedding  in 


Fig.  86.— V.S.  Mucous 
Membrane  of  Hard 
Palate  of  Cat.  Epi- 
dermis with  cor- 
neous and  deeper 
layers  with  prickle 
cells.  Below,  con- 
nective tissue  of 
the  mucous  mem- 
brane with  a  papilla. 
Chromic  acid  and 
spii'it,  picro  -  car- 
mine, Farrant's 
solution. 
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paraffin,  and  mount  the  former  in  Warrant's  solution  and  the  latter 
in  balsam. 

(a.)  Observe  the  prickle-cells  in  situ,  i.e.,  polygonal  cells  in  the 
deeper  layers  of  the  rete  mucosum,  with  fine  processes  connecting 
adjoining  cells,  leaving  thus  a  system  of  fine  spaces  between  the  cells 
(fig.  87).  The  fine  fibres  which  pass  from  cell  to  cell  form  "inter- 
cellular bridges,"  and  when  these  bridges  are  broken  across  they 
give  the  appearance  as  if  the  cells  were  beset  with  fine  prickles. 

8.  Isolated  Cells  from  the  DiflFerent  Layers  of  the  Epidermis 
(H). — It  is  usual  to  macerate  very  small  pieces  of  any  membrane 
covered  Avith  stratified  epithelium  in  ^  or  j-^  per  cent,  of  potassic 
bichromate,  which  usually  takes  more  than  a  week  to  dissociate  the 
cells. 


Fig.  87.— Piickle-Cells  from  the 
Deeper  Layers  of  the  Epi- 
dermis of  the  Palm,  showing 
intercellular  bridges  and 
channels.    Osmic  acid. 


Pig.  88.— Prickle  Cells'!  Isolated  from 
the  Human  Epidermis  hy  means  of 
Iodised  Serum.  «.  Prickles;  A. 
Space  between  nucleus  and  cell- 
body,  X  800. 


A  much  speedier  method  is  that  of  Schiefferdecker.  Make  a 
watery  extract  of  "  pancreaticum  siccum  "  of  Dr.  Witte  of  Eostock. 
Filter,  and  in  the  filtrate  place  a  small  fragment  of  fresh  skin  or 
the  pad  from  the  upper  jaw  of  a  sheep.  Place  the  fluid  near  the 
fire  or  in  an  oven  at  40°  C.  Within  four  hours,  the  epidermis  can 
be  detached,  and  its  cells  fall  readily  apart.  Preserve  it  m  a  test- 
tube  in  a  mixture  of  equal  parts  of  water,  alcohol,  and  glycerine. 
It  forms  a  deposit  at  the  bottom  of  the  tube.  A  little  of  the  deposit 
is  mounted  in  glycerine  or  Farrant's  solution,  covered  and  examined. 
It  may  be  stained  with  picro-carmine  or  methylene-blue. 

(a )  Observe  numerous  cells  of  different  shapes,  some  flattened, 
others  cubical,  and  many  "prickle-cells"  (fig.  88).  Many  of  the 
cells  exhibit  facets  where  they  have  been  pressed  against  each 

9  Isolated  Prickles  and  other  CeUs  from  the  Pad  of  a  Sheep's 
Mouth  (H).— Isolated  by  means  of  "pancreaticum  siccum"  (y. 
sxiwa)  Many  of  the  somewhat  cubical-shaped  cells  show  the 
"  pricldcs  "  beautifully.  These  cells  may  be  stained  with  an  anUine 
dye  or  picro-carmine,  and  some  of  them  show  two  nuclei. 
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Fig.  8g.— Endothelium  of  the 
Peritoueal  Surface  of  tlie 
Central  Tendon  of  the 
Diaphragm  of  a  Kabbit. 
Silvered.  /.  Lymphatic 
slit;  t.  Tendon;  c.  Ordi- 
nary endothelial  cells ;  n. 
Islands  of  small  cells. 


10.  Endothelium  of  Central  Tendon  of  Diaphragm. — Mount 
in  balsam  a  small  piece  of  the  central  tendon  of  the  diaphragm  of 
a  rabbit  stained  in  silver  nitrate  (Method, 
P-  77). 

(rt.)  Observe  the  polygonal  areas  which 
map  out  the  outlines  of  the  single  layer  of 
squames  covering  the  surface  of  the  tendon. 
These  areas  are  bounded  by  brown  or  black 
lines,  the  so-called  "  silver  lines  "  (fig.  89). 
As  a  rule,  no  nucleus  is  visible  in  the  cells, 
tut  it  may  be  brought  into  view  by  staining 
with  logwood  and  mounting  the  preparation 
in  Canada  balsam. 

(b.)  Amongst  these  may  be  seen  small 
groups  or  islands  of  smaller  granular  cells. 
In  some  specimens  stomata  surrounded  by 
granular  or  germinal  cells  may  be  seen. 
These  stomata  open  into  a  plexus  of  lym- 
phatic capillaries  in  the  substance  of  the 
tendon  (Lesson  on  Lymphatics). 

11.  Omentum  of  Yomig  Eabbit  (L  and 
H). — Mount  in  balsam  a  small  piece  of  the 
silvered  omentum  of  a  young  rabbit  (one  week  old)  (Method,  p.  77). 

(a.)  Observe  a  thin  fibrous  membrane  mapped  into  polygonal 
areas — some  of  them 
with  more  or  less 
sinuous  outlines' — by 
means  of  black  "  silver 
lines  "  (fig.  90). 

The  omental  mem- 
brane composed  of 
connective  tissue  is 
covered  on  both  sur- 
faces with  a  continu- 
ous layer  of  endo- 
thelium. 

(h.)  Raise  the  lens 
by  means  of  the  fine 
adjustment  until  the 
upper  layer  of  squames 
comes  distinctly  into 
view;  then  depress  the 
lens  and  focus  through 
the  thickness  of  the  membrane  to  bring  into  view  the  layer  of 
squames  covering  the  deeper  surface,  and  note  that  the  outlines  of 


Fig.  90.— Omentum  of  a  Young  llabbit  stained  with  Sliver 
JNitrate  (x  300),  showhig  the  epithelium  on  tlie  upper 
and  under  surfaces  ;  the  outlines  of  the  latter  faintly 
  Some  holes  are  also  seen  in  it. 


indicated. 
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the  cells  do  not  correspond  with  those  of  the  upper  layer  In 
focussing  through  the  membrane,  note  the  plexus  of  elastic  fibres 

(e)  To  see  the  nuclei  of  the  endothelial  cells,  stain  another  piece 
of  the  silvered  omentum  in  logwood  and  mount  it  in  ^.ff^- 

The  omentum  of  a  young  rabbit  is  chosen  because  it  is  nearly  a 
complete  membrane  with  few  fenestras  or  holes  in  it 

12  Oi^ntum  of  Cat  (L  and  H).-Mount  m  balsam  a  small 
piece  of  the  silvered  omentum  of  a  cat  (Method,  p.  77)-    In  cuttmg 
re  omentum  into  small  pieces,  the  easiest  way  is  ^  spread  it  ^nit  or 
rather  float  it  out,  on  a  sheet  of  paper,  and  ^1^^"  c^^J^^^^^^ 
omentum  into  pieces  of  the  ---(J^^^^^^^^ 

more  readily  manipulated  on 
the  slide. 

(a.)  (L)  Observe  a  mesh 
work  of  trabeculae  (T)  bound- 
ing open  polygonal  spaces  (lig. 
91,  m).     In  the  larger  tra- 
becule may  be  seen  blood- 
vessels {c),  an  artery  or  a 
vein,   or    both,  surrounded 
here  and  there  by  groups  of 
large  clear  cells— fat-cells  (/). 
All  the  trabeculse  are  com- 
pletely covered  with  endo- 
thelial cells,  whose  outhnes, 
mapped  out  by  sUver  lines, 
can  just  be  recognised. 

(&.)   (H)   Select  a  large 
strand  with  a  blood-vessel  in 
it  (T).   Focus  the  silver  lines 
  («)  on  its  upper  surface,  and 

endothelium  on  the  under  surface  into  view. 

(cTselect  a  fine  trabecula,  and  note  the  silver  hnes  on  it,  also 
„bLr,e  the  fibrous  tissue  of  ""^S'         logwood  to 

jii  S  of  «rrtK  "S:s,(t  ir^s 

i?t«r::at;°t=i;Z;;''^.triea  ana  somewhat 
oval  (h). 


FIG.  Qi.-Omentum  of  Cat  Silvered.  T  =  ^labe- 
cula  with  c.  Blood-vessel;  /.  Fat-cells;  s. 
Silver  Unes  and  a.  Nuclei  of  the  eudothelium; 
m  Meshes &  Nuclei  of  the  connective-tissue 
coVpuscles.'  Silver  nitrate  and  h£ematoxylin, 
X  100. 
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13.  Dogiel's  Methylene-Blue  Method. —Place  any  fresh  tnembrane,  e.g., 
omentum,  mesentery,  capsule  of  kidney,  in  a  4  per  cent,  solution  of  methylene- 
blue  in  normal  saline.  Allow  it  to  stain  for  ten  minutes  or  so.  "Wash  it  twice 
in  a  saturated  watery  solution  of  picrate  of  ammonia  and  examine  in  glycerine. 
The  outlines  of  the  cells  are  stained  of  a  purplish  colour.  This  method  may 
be  used  instead  of  the  silver  method  to  demonstrate  the  existence  of  endo- 
thelium on  any  surface,  e.g.,  on  tendons  (rat)  iu  blood-  or  lymph-vessels.  It 
is  also  used  to  demonstrate  lymph-spaces. 

14.  Sections  covered  by  or  consisting  of  epithelial  cell  structures  may 
be  stained  in  a  weak  watery  solution  of  benzo-aziirin.  This  stain  is  not 
removed  by  alcohol,  and  the  sections  can  be  mounted  in  balsam.  Or  benzo- 
purpurin  (B.)  may  be  used.  This  gives  a  reddish  stain,  any  excess  being 
removed  by  alcohol  rendered  feebly  alkaline,  e.g.,  by  lithium  carbonate. 
Benzo-azurin  stains  connective  tissue  of  a  bright  blue. 


LESSON  V. 

COLUMNAE,  SECRETORY,  AND  TRANSITIONAL 

EPITHELIUM. 

Columnar  Epithelium  lines  the  mucous  membrane  of  the  ali- 
mentary canal  from  the  cardiac  orifice  of  the  stomach  onwards  • 
the  greater  part  of  the  ducts  of  the  glands  opening  into  it  •  other 
gland  ducts.  ' 

II.  Columnar  Epithelium.— Slit  open  the  small  intestine  of  a 
rabbit  or  a  ca.tjust  killed.  Wash  the  mucous  surface  with  normal 
sahne  to  remove  any  adherent  particles. 

1.  Fresh  Condition  (H).-With  a  scalpel  gently  scrape  the 
mucous  surface  and  transfer  what  is  on  the  scalpel  to  a  drop  of 
normal  salme  solution  on  a  slide.  Diffuse  the  scrapings  in  this 
fluid,  and  to  prevent  the  pressure  of  the  cover-glass,  place  in  the 
fluid  a  hair  half-an-inch  in  length.  This  preparation  is  not  to  be 
preserved. 

(«.)  Observe  numerous  columnar  epithelial  cells,  a  few  isolated, 
but  most  of  them  adhering  together.  Side  View  of  the  CeUs  — 
belect  an  isolated  cell,  notice  its  columnar  form,  usually  tapering 
to  a  blunt  point  at  one  end,  while  the  body  of  the  cell  is  faintly 
granular,  and  contains  a  clear  oval  nucleus.    The  free  broad  end 

iefrnin  V''?  "  '"f  ll^  disc-seeu  on  edge  as  a  narrow 

reiractile  band—with  fine  vertical  strire  in  it  (fig.  92). 
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Many  more  or  less  complete  villi  may  be  seen.  Along  the  edge 
of  the  villus,  covered  by  its  layer  of  columnar  ceUs,  the  clear  disc 
is  readily  seen,  and  by  focussing  the  surface  of  a  villus  the  nucleated 
mosaic  formed  by  the  ends  of  the  cells,  with  the  rounded  mouths 
of  the  goblet-cells,  come  into  view.  . 

Ih  )  If  the  animal  was  killed  whilst  its  food  was  undergoing 
digestion,  refractive  fatty  granules  may  be  seen  in  the  protoplasm 

of  the  cells.  ,  . . 

(c )  End  View  of  the  Cells.— Move  the  preparation  until  a 
fracrment  of  detached  epithelium  is  seen  showing  the  free  ends  of 
°  the  ceUs  directed  towards  the  observer 

(fig.  92,  d). 

(d.)  Note  in  such  a  group  of  cells  the 
polygonal  outUnes  of  the  ends  of  the 
...^  cells,  and  in  each  polygonal  area  a  large 
d  spherical  nucleus,  which  appears  almost 
PIG  g..-a,  h.  Isolated  Columnar  to  fiU  the  area.  A  nucleolus  can  often 
Epithelial  Cells  from  the  Small  -^^  ^QQVi.  Here  and  there  may  be  seen 
TSol^.^^.tf^^'t^'^  the  rounded  opening  of  a  goblei^ceU. 
open  mouths  of  goblet -cells  17  „„„  carefuUv  and  notice  the  appear- 

directed  towards  observer.         roCUS^^caretuliy  ^^^^      i  P^^^ 

mouth  is  in  focus,  it  is  seen  as  a  circle  of  small  diameter,  and  on 
depressing  the  tube  the  broad  part  of  the  ceU  comes  into  view  (tig. 

^'(e^)"  Amongst  the  cells  may  be  found  isolated  goblet-cells  (fig. 
02  J)  Each  cell  has  an  open  mouth,  while  the  lower  part  of  the 
cell  contains  a  nucleus  embedded  in  a  B^nall  quantity  of  W^^v^^^^ 
2  Isolated  Columnar  Epithelium  of  Newt  (H). -Mount  in 
glycerine  a  smaU  quantity  of  isolated  columnar  ceUs  ^^-^^-^^t 
L'en  dissociated  by  maceration  in  dilute  a  coho  ^^^^^^^^^^^^ 
stained  with  picro-carmine.    Place  a  short  length  of  hair  under  the 

Thetmall  intestine  of  a  rabbit  may  be  used,  but  far  l-ger  f^^^^ 
are  obtained  from  the  intestine  of  a  newt.  Macerate  the  whde 
intestine  in  dilute  alcohol  for  twenty-  our  hours  and  stam  m  b^k 
in  picro-carmine  for  at  least  another  tjenty-four  l\om  ;  >)n 
scraping  the  mucous  surface,  the  ceUs  are  detached  and  diilused  m 

^T)  oSrT  the  large,  tall,  columnar  cells,  often  tapering  to  a 
„nM  at  their  lower  end,  the  red-stained  nucleus,  and  the  clear 
tTated'Hr  The  nucleus  usually  -hibits  a  d.^mct  — ^ 

^fia  Qx)  and  sometimes  two  nuclei  are  present,  buiaetimes  wo 
Seoh  are  seen  in  a  nucleus,  and  the  cell  itself  may  oe  oranched 

intttTsSof'a  newt  be  macerated  for  twen.y-four  hours  in 


COLUMNAR  EPITHELIUM. 


5  per  cent,  ammonium  chroma te,  then  the  nuclei  and  cell-body  show 
a  distinct  fibrillar  structure. 

III.  Glandular  Epithelium  occurs  in  the  secretory  glands,  e.g., 
liver,  pancreas,  salivary,  gastric,  intestinal,  and  other  glands.  Neces- 
sarily it  must  vary  very  greatly  in  shape  and  in  its  functions. 

3.  Secretory  or  Glandular  Epithelium  of  Liver. — With  a 
clean  scalpel  scrape  the  cut  surface  of  the  liver  of  an  animal  just 
killed,  e.g.,  a  rat.  Place  the  scrapings  in  dilute  alcohol  (twenty- 
four  hours),  pour  off  the  alcohol  and  cover  it  with  picro-carmine 
(twenty-four  hours). 

Liver-Cells  (H). — (a.)  Examine  the  isolated  cells  in  glycerine 
with  the  usual  precautions.  Observe  the  cubical  cells,  which  may 
be  isolated  or  adhering  in  groups  of  two  or  three.    The  granular 


Fig.  93. — Isolated  Columnar 
Epithelial  Cells  from  the 
Newt's  Intestine.  Dilute 
alcohol  and  picro-car- 
mine, X  300. 


FlQ.  94.— Isolated  Hepatic  Cells,  d.  With  two 
nuclei ;  b.  Oil-drops ;  c.  Isolated  nucleus  of  a 
cell.   Teased  fresh. 


protoplasm  is  stained  yellowish,  and  each  cell  has  a  spherical  bright- 
red  nucleus.  The  protoplasm  may  contain  globules  of  oil,  and 
occasionally  two  nuclei  may  be  seen  in  a  cell,  especially  in  the  liver- 
cells  of  a  young  rat  (fig.  94). 

(ft.)  If  the  cells  be  much  broken  up,  liberated  nuclei  and  granules 
of  oil,  and  sometimes  red  blood-corpuscles,  are  seen  in  the  field. 

(c.)  Acetic  acid  clears  up  the  protoplasm,  makes  the  nucleus  more 
distinct ;  it  does  not  affect  any  fatty  particles,  but  merely  makes 
them  more  evident. 

Sulpho-cyanide  of  potassium  (5  per  cent.)  is  an  excellent  medium 
for  maceration  of  the  liver-cells.  The  plexus  of  fibrils  in  the  nuclei 
IS  thus  rendered  visible. 

IV.  Transitional  EpitheKum  occurs  in  the  urethra,  urinary 
bladder,  ureters,  and  pelvis  of  the  kidney.  It  is  confined  to  the 
genito-urinary  mucous  membrane.  It  consists  of  several  (2-^-4) 
ayers_  of  cells.  The  superficial  cells  are  large  and  flattened 
(especially  if  the  bladder  has  been  kept  distended),  often  with  two 
nuclei,  and  with  depressions  on  their  under  surface  produced  by  the 
large  rounded  ends  of  the  cells  of  the  next  layer.    The  cells  of  the 
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next  layer  are  somewhat  pyriform  (fig."95»  while  the  deepest  layers 
are  composed  of  smaller  polyhedral  cells. 

4  Transitional  Epithelium  of  Bladder  (H).— Place  the  dis- 
tended bladder  of  a  frog  or  cat  in  dilute  alcohol  for  twenty-four 

hours,  stain  it  en  masse  for  the  same  time  in 
picro-carmine,  scrape  olf  a  little  of  the  mucous 
surface  and  diffuse  it  in  glycerine,  add  a  hair 
and  cover.  The  cells  may  also  be  macerated 
by  using  instead  \  per  cent,  bichromate  of 
potash  solution. 

{a.)  Observe  various  forms  of  cells,  some 
of  them  more  or  less  flattened  with  facets  on 
their  surfaces  (fig.  95,  a,  a),  others  elongated 
with  finger-shaped  processes  (6),  some  pear- 
shaped,  and  others  cubical.  All  are 
nucleated. 

5.  To  Distend  a  Frog's  Bladder.— By 

means  of  a  pin  transfix  the  skin  at  the 
margins  of  the  anus,  and  tie  round  the  pui 
a  thread  so  as  to  completely  occlude  the 
aperture.  Open  the  abdomen,  make  a  slit 
into  the  rectum,  and  from  the  latter,  after  removing  its  contents, 
inject  dilute  alcohol  (p.  25)  into  the  bladder.  When  the  bladder  is 
distended,  ligature  it,  cut  it  out,  and  suspend  it  m  its  inflated  con- 
dition in  dilute  alcohol  for  twenty-four  hours.  _ 

If  the  bladder  of  a  cat  or  guinea-pig  be  used,  it  is  distended  from 
the  urethra  with  dilute  alcohol,  and  suspended  for  twenty-lour 
hours  in  a  large  volume  of  the  same  liquid. 


Fig. 


95.  —  Isolated  Transi- 
tional Cells  from  the 
Bladder  of  a  Guinea-pig. 
a.  A  superficial  cell  seen 
from  tlie  side,  and  a'  from 
below;  6  and  c.  Cells  from 
the  deeper  layers.  Dilute 
alcohol  and  picro-car- 
mine, X  300. 


ADDITIONAL  EXERCISES. 

tiliAbj'hilv«  lii,"  aod  al.o  to  se»  the  open  mouths  ot  the  goblet-cells. 

sections  of  the  organs  in  which  they  occur. 


VI.] 
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LESSOJT  VI. 
CILIATED  EPITHELIUM. 

Ciliated  Epithelium  occurs  in  the  nasal  mucous  membrane 
(except  that  of  the  olfactory  region),  the  cavities  accessory  to  the 
nose,  the  upper  half  of  the  jjharynx,  the  Eustachian  tube,  larynx, 
trachea,  and  bronchi,  the  uterus  (except  the  lower  half  of  the  cervix), 
Fallopian  tubes,  vasa  eiferentia  to  lower  end  of  epididymis,  the 
ventricles  of  the  brain,  and  the  central  canal  of  the  spinal  cord. 

V.  Ciliated  EpitheHum. — A  ciliated  cell  may  be  any  shape,  but 
usually  it  is  more  or  less  columnar.  Only  the  cells  of  the  super- 
ficial layer  bear  cilia.  The  bunch  of  cilia  are  directly  continuous 
with  the  protoplasm  of  the  interior  of  the  cell,  and  are  planted  on  a 
clear  disc,  which  is  said  to  be  composed  of  small  "  knobs  "  placed  side 
by  side  to  form  a  bright  refractile  disc ;  a  cilium  beiug  attached  to 
each  knob.  The  deeper  cells  may  be  pyriform  or  polyhedral,  accord- 
ing to  the  situation  from  which  the  epithelium  is  obtained.  Goblet- 
cells  may  be  found  between  the  superficial  ciliated  cells. 

1.  Ciliary  Motion  in  the  Frog  (H).— After  pithing  a  frog,  gently 
scrape  the  roof  of  its  mouth  with  a  scalpel,  and  diffuse  the  scraping 
in  a  drop  of  normal  saline,  add  a  short  piece  of  hair,  and  cover. 

(a.)  Notice  groups  of  cells  with  ciha  on  their  free  surface.  The 
cilia  bend  quickly,  at  the  rate  of  ten  to  twelve  times  per  second,  with 
a  whip-like  motion  in  one  direction,  and  then  rapidly  unbend,  thus 
creating  currents  in  the  liquid,  and  thereby  moving  the  corpuscles, 
granules,  or  other  free  particles  that  may  be  present.  They  bend 
more  rapidly  in  one  direction  than  the  other.  All  the  cilia  covering 
one  surface  are  not  in  motion  at  one  time,  but  the  movement  passes 
from  cell  to  cell  in  a  wave-like  form.  If  a  portion  of  cell  with  cilia 
attached  is  in  view,  the  fragment  of  the  cell  may  be  seen  to  be 
moved  in  a  definite  direction  by  the  vibratile  motion  of  its  own 
cilia.    Cilia  detached  from  a  cell  cease  to  move. 

2.  CiHary  Motion  in  the  Mussel  (L  and  H)."— Open  a  salt-water 
mussel,  collect  the  salt  water  which  escapes,  cut  out  a  fragment  of 
one  of  the  flattened  yellow  gills,  and  place  it  in  a  drop  of  salt  water. 
By  means  of  two  needles  separate  slightly  the  bars  which  compose 
the  gills,  cover  and  examine. 

(a.)  (L)  Observe  the  bars  with  tlieir  free  rounded  ends  and  their 
surfaces  beset  with  a  fringe  of  moving  cilia,  which  cause  the  particles 
suspended  m  the  fluid  to  bo  carried  along  in  a  definite  direction. 
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(b.)  (H)  Select  a  single,  cilium  observe  that  it  is  a  clear  homo- 
geneous tapering  filament,  placed  on  a  clear  band  which  covers  the 
cells  on  the  surface  of  the  bar  of  the  gilL  Notice  how  the  cilium 
bends  more  at  the  top  than  base,  and  how  it  straightens  itself  again. 
The  movement  may  go  on  for  several  hours.  The  backward  move- 
ment is  less  rapid  than  the  forward  stroke. 

3.  Heat  (H).— By  means  of  a  camel-hair  brush  run  a  ring  of  oil 


f IG  q6  —Slide  with  a  Ring  of  Glass  Tube  fixed  to  it,  for  Studying  the  Action  o£ 
■  ^  ■  Chloroform  ou  Cilia. 

round  the  preparation  (2),  and  put  it  aside  for  an  hour  or  so,  until 
the  ciliary  motion  becomes  slower. 

(a.)  Place  the  slide  on  a  hot  stage  (fig.  75)  and  graduaUy  apply 
heat.  As  the  cilia  are  warmed  they  move  more  quickly;  but  if  the 
temperature  be  too  high,  of  course  the  proteids  are  coagulated  and 
the  cells  killed.  If,  whUe  the  cilia  are  moving  rapidly,  the  source 
of  heat  be  removed,  as  the  preparation  cools  the  cdia  gradually  move 

more  and  more  slowly.  ttx  k     t>  ^  •  ■ 

Use  the  hot  stage  described  in  Lesson  III.  0.  ±5ut  m  using  it, 
put  the  preparation  of  cilia  on  a  cover-glass  moistened  with  a  drop 
of  sea-water,  and  invert  the  cover-glass  over  the  aperture  in  the  hot 
stage,  so  that  the  drop  of  fluid  and  cilia  hang  m  the  httle  circular 

Alkalies.— To  a  preparation  in  which  the  cilia  move 
languidly,  apply  a  drop  of  i  per  cent,  solution  of  _  caustic  potash. 
This  immediately  revives  their  action  for  a  short  time ;  but  as  the 
alkaU  penetrates  into  the  cells,  it  ultimately  kills  them.  _ 

5  Chloroform  (L  and  H).— Place  a  fragment  of  a  mussels  gill  in 
a  drop  of  salt  water  on  a  cover-glass.  Put  a  small  drop  of  chloroform 
in  a  glass  cell  and  place  the  cover-glass  on  the  cell,  with  the  di-op  of 
fluid  hanging  into  the  latter,  as  shown  m  fig.  96- 

(a  )  (H )  Observe  the  movement  of  the  cilia,  and,  as  the  chloroform 
vapour  diffuses  into  the  drop  of  water  and  acts  on  the  cilia,  how 
they  move  slower  and  slower.  If  the  action  of  the  chloroform  be 
pushed  too  far,  their  movement  will  be  arrested.  If  the  action  of 
the  chloroform  be  not  too  prolonged,  and  the  preparation  removed 
and  freely  exposed  to  the  air,  the  cilia  may  begin  to  move  again. 

6  Action  of  Gases  on  Ciliary  Motion,  e.g.,  Carbon  Dioxide.- 
Carbonic  acid  is  generated  in  the  usual  way  in  a  flask  containing 
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marble  and  dilute  hydrochloric  acid,  and  by  means  of  a  caoutchouc 
tube  it  is  conducted  to  a  glass  gas-chamber  (fig.  97,  C),  over  which 
the  preparation  of  cilia  on  a  cover-glass  is  inverted. 

If  it  be  preferred,  the  following  moist  chamber,  by  Ranvier,  for 
studying  the  action  of  gases  may  be  used.    It  consists  of  a  brass  box 


Fig.  97.— Gas-Chamber  for  Studying  the  Action  of  Gases  on  Cilia.   A.  Inlet ; 
B.  Outlet-tube  ;  C.  Glass  gas-chamber. 

about  the  size  of  a  microscopical  slide,  and  perforated  at  the  centre 
by  an  aperture  2  cm.  wide,  which  is  closed  below  by  a  plate  of  glass. 


Fig.  98.— Ranvier's  Moist  Chamber  for  Applying  Gases  to  a  Preparation. 


98,  a),  less 
Moreover, 


In  the  centre  of  the  aperture  is  fixed  a  plate  of  glass  (fig. 
in  diameter,  thus  leaving  a  circular  trench  all  round  (6). 
the  height  of  this  circular  plate  of  glass  is 
less  than  the  height  of  the  brass  box  by  at 
least  j-^th  mm.  The  box  is  perforated  by 
two  tubes,  through  which  the  gases  can 
be  conducted  to  the  preparation,  which  is 
placed  between  the  top  of  the  circular 
glass  disc  and  the  cover-glass  which  covers 
in  completely  the  ajjerture  in  the  brass 
box.  In  this  way  the  gas  or  vapour  can 
be  applied  to  a  preparation  still  in  a  normal 
fiuid  medium. 

(a.)  If  carbon  dioxide  be  used,  observe  that  it  rapidly  arrests  the 
movement  of  the  cilia  and  renders  the  cells  granular,  probably  from 
the  precipitation  in  them  of  paraglobulin. 


Fia.  p9.  Various  Forms  of 
Ciliated  Cells  from  the 
Mucous  llciiibrane  of  tlie 
Hard  Palate  and  (Tlsophngus 
of  the  Frog.  Dilute  alcohol 
and  pioro-carmiue,  x  300. 
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7.  Isolated  Ciliated  EpitheHum  and  Goblet-CeUs  (Frog)  (H).— 

Scrape  off  a  little  of  the  epithelium  from  the  mucous  membrane  of 
the  palate  of  a  frog,  which  has  been  macerated 
for  twenty-four  hours  in  dilute  alcohol  and  after- 
wards stained  by  picro-carmine.  Before  staining, 
it  is  advisable  to  place  the  isolated  cells  for 
several  hours  in  ^  per  cent,  osmic  acid.  Diffuse 
the  cells  in  glycerine,  put  in  a  hair,  cover,  and 
examine. 

(a.)  Observe  an  isolated  ciliated  cell ;  it  is 
short  and  columnar,  perhaps  tapering  or  divided 
at  one  end,  while  the  other  end  is  beset  with 
cilia,  resting  on  a  clear,  transparent,  refractile 
disc  ;  the  protoplasm  is  granular,  and  encloses  an 
oval  red-stained  nucleus  with  one  or  two 
excentrically-placed  nucleoli  (fig.  99). 

Besides  the  ciliated  cells,  there  are 
without  cilia,  oval  or  elongated,  pointed 
end.  These  are  from  the  deeper  layers 
ciliated  surface  (fig.  102). 

(&.)  Numerous  goblet  or  chalice  cells  will  also 
be  seen.  They  are  cup-shaped  cells,  with  an  open 
mouth,  and  containing  mucigen.  There  is  a 
small  amount  of  protoplasm  at  one  end  of  the  cell 

 the  end  by  which  it  is  fixed — which  encloses 

a  spherical,  oval,  or  compressed  nucleus.  The 
goblet-cells  may  be  seen  in  two  conditions,  some  clear  with  their 
mucigen  discharged,  and  others  full  of  granules  or 
"  loaded  "  with  mucigen. 

The  cells  may  also  be  isolated  or  dissociated  by 
macerating  the  membrane  in  iodised  serum  (p.  25). 
A  cell  isolated  in  this  way,  and  magnified  1000 
diameters,  is  shown  in  fig.  100. 

8.  Isolated  Ciliated  CeUs  (Mammal).— Use  the 
trachea  of  a  cat  or  other  mammal,  and  macerate 
small  pieces  in  dilute  alcohol  (twenty-four  hours). 
Stain  it  in  bulk  in  picro-carmine.  The  isolated  cells 
are  examined  in  glycerine  or  glycerine-jelly.  If  the 
trachea  of  the  ox  be  used,  observe 

(a.)  The  tall  narrow  ciliated  cells  (fig.  loi),  each 
with  its  cilia  and  clear  disc.    The  ends  of  the  cells 
may  be  pointed  or  branched.    Amongst  these  may 
be  seen  oval  or  battledore-shaped  cells  (a),  the 
which  exist  in  the  deeper  layers  of  the  mucous 


100.  —  Isolated 
Ciliated  Cell  from  the 
CEsopliagus  of  a  Frog, 
c.  Cilia;  p.  Clear 
disc ;  n.  Nucleus  ; 
711.  Irregular  extre- 
mity. Iodised  serum, 

X  1000. 


Fig.  ioi.— Ciliated 
Cells  from  Tra- 
cliea  of  Ox.  a. 
Cell  from  tlie 
deeper  layers. 
Dilute  alcnliol 
and  picro-car- 
mine, X  300. 

younger  cells 
membrane. 
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9.  Ciliated  Epithelium  (L  and  H). — Mount  a  vertical  section  of 
the  respiratory  mucous  membrane  of  the  septum  of  the  nose  of  a  cat 
or  other  animal.  The  tissue  has  been  previously  hardened  in  Miiller's 
fluid,  or  in  chromic  and  spirit  fluid,  or,  what  is  better,  a  saturated 
watery  solution  of  corrosive  sublimate  for  two  or  three  hours.  In  the 
last  case,  every  trace  of  the  metallic  salt  must  be  removed  by  prolonged 
and  frequent  washing  with  alcohol.  Stain  the  section  with  logwood 
and  mount  it  in  balsam ;  or  picro-carmine  can  be  used. 

(a.)  Observe  several  layers  of  cells  (fig.  102),  but  only  the  super- 
ficial layer  of  cells  is  furnished  with  cilia,  which  are  placed  on  a 
clear  disc  on  the  free  end  of  the  cell.  Notice  the  shape  of  the  cells 
in  the  subjacent  layers.  Those  of  the  lowest  layers  are  nearly 
spherical,  while  in  the  intermediate  layers  they  are  more  elongated, 


Ciliated 
Epithelial 
CeU. 


Disc. 


Intermediate 
Foims. 

Deepest  Layer 
of  Cells. 


Fig.  102.— V.S.  of  Ciliated  Epitlielium. 


Fig.  103.  —  Various  Forms  of 
Goblet-Cells  from  the  Mucous 
Membrane  of  the  Hard  Palate 
and  CEsophagus  of  the  Frog. 
One  of  the  cells  shows  mucus 
exuding  from  the  open  mouth 
of  the  cell.  Dilute  alcohol 
and  picro-carmine,  x  300. 


and  are  described  as  battledore-cells,  arranged  in  between  the  others. 
They  replace  the  ciliated  cells  when  the  latter  are  shed. 

10.  Isolated  Goblet-Cells  (H).— These  are  readily  obtained  by 
macerating  the  stomach  of  a  frog  in  dilute  alcohol  for  twenty-four 
hours.  Scrape  the  surface  and  diifuse  the  cells  in  glycerine.  They 
may  be  stained  with  picro-carmine,  or  they  may  be  diffused  in  salt 
solution  and  stained  with  methyl-violet,  but  the  latter  preparation 
cannot  be  preserved  in  glycerine.  Numerous  goblet-cells  will  be 
found  in  7. 

(a.)  Observe  the  isolated  cells  (fig.  103).  Each  cell  is  filled  for 
more  than  three-fourths  of  its  capacity  Avith  mucus,  while  at  the 
lower  tapenng  end  there  is  a  nucleus  embedded  in  a  small  quantity 
of  protoplasm.  Sometimes  a  plug  of  mucus  may  be  seen  exudin'tr 
from  the  open  mouth  of  a  cell. 

(b.)  With  a  high  power  the  interior  of  the  upper  part  of  these 
cells  may  be  seen  to  contain  a  fine  network  of  fibrils.  In  the  meshes 
IS  a  substance,  mucigen,  and  when  this  is  acted  on  by  water  it  yields 
mucin.  In  a  certain  sense  these  bodies  are  unicellular  muciparous 
glands.  ^ 
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11.  Cover-Glass  Preparation  of  Goblet-OeUs.— Place  the  oesophagus  or 
stomach  of  a  frog  in  dilute  alcohol  for  twenty-four  hours.  Scrape  the  mucous 
surface  and  compress  the  scrapings  between  two  cover-glasses.  Separate  the 
cover-glasses,  allow  the  film  adhering  to  each  glass  to  dry,  and  then  stain 
it  with  eosin  or  aniline-water-methyl-violet,  or  safranin-0.  Wash  off  the 
surplus  stain  with  absolute  alcohol,  allow  the  film  to  dry,  and  mount  it  in 
xylol-balsam. 

Perhaps  a  better  plan  still  is  to  stain  the  cover-glass  preparations  for 
twenty-four  hours  in  Ehrlich-Biondi  fluid.    It  is  prepared  thus  :— 


Ehrlieh-Biondi  Fluid, 


Saturated  watery  solution  of  orange  . 

,,         acid  fuchsin 
!'  ,,         methyl -green 


loo  cc. 
20 ,, 
50 


The  solutions  used,  however,  must  be  saturated.    When  used  as  a  staining 
a^ent,  this  strong  fluid  is  diluted  with  about  forty  volumes  of  water, 
"(a.)  Observe  the  goblet-cells  with  their  characters  retained  intact.    In  the 
Ehilich-Bioudi  preparation  the  protoplasm  is  stained  red,  the  nuclei  and 

nucleoli  bluish.  ,  „  

12  Cover-Glass  Preparation  of  Ciliated  Epithelium.— The  mucous  mem- 
brane of  the  ffisophagus  of  a  frog  is  placed  for  twenty-four  hours  in  dilute 
alcohol.  A  cover-glass  preparation  is  made  of  the  epithelium,  and  stained  as 
described  under  11,  with  methylene-blue,  safranin-0,  gentian-violet,  or 
Ehrlich-Biondi  fluid,  and  mounted  in  xylol-balsam.  _  . 

13  T  S  Tongue  of  Frog  (h)-— Ky  means  of  hedgehog-spines,  pm  out  tiie 
tontrue  of  a  frog  on  a  thin  layer  of  cork  with  a  small  hole  in  it.  Harden  it  for 
t\vo°hours  in  a  saturated  watery  solution  of  corrosive  sublimate  ;  remove  every 
trace  of  the  sublimate  by  prolonged  washing  in  alcohol— not  water.    Stain  in 

bulk  in  jiicro-carmine  or  borax-carmine. 
Make  transverse  sections — best  by  the 
paraflSn  infiltration  embedding  method 
(p_  41)  —  and  mount  the  sections  in 
balsam. 

(a.)  Observe  the  fibro-muscular  basis  of 
the  tongue,  covered  on  the  surface  with 
ciliated  epithelium  cells  ;  between  the 
ciliated  cells  the  goblet-cells,  each  with  an 
open  mouth  and  its  plexus  of  fibrils  with 
mucigen  in  its  meshes  (fig.  104). 

(b.)  Observe,  too,  how  the  expanded 
ovoid  goblet-cells  compress  the  ciliated 
cells  and  cause  the  latter  to  have  a  peculiar 
shape,  a  broad  expanded  top  and  a  narrow 
body. 

(c.)  The  young  cells  at  the  base  of  the 
ciliated  cells. 

If  the  specimen  be  stained  in  picro-carmine  and  mounted  in  balsam,  the 
Yellow  cokur  of  the  picric  acid  can  be  retained  by  puttmg  a  little  picric  acid 
Lto  the  alcohol  used  to  dehydrate  it,  or  by  picric  acid  placed  in  the  clove-oil 
or  xylol  used  to  clear  up  the  section. 


Fig  104— V.S.  Ciliated  Epitlieliiim  of 
Frog's  Tongue,  m.  Muscular  fibres. 
Corrosive  sublimate  and  picro-car- 
carmlne,  x  250. 
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LESSON  VII. 

STRUCTURE  OP  CELLS— MITOSIS  OR  KARYO- 
KINESIS. 

Structure  of  the  Animal  Cell. — To  see  all  the  structures  in  an 
animal  cell  is  by  no  means  easy.  Speaking  generally,  the  tissues 
of  the  articulata,  amphibians,  and  reptiles  yield  the  largest  tissue 
elements  for  examination.  The  cells  may  be  examined  in  the  fresh 
condition  or  after  "  fixing,"  hardening,  and  staining. 

In  Fresh  Condition. — Examine  a  teased  preparation  in  an 
indifferent  fluid,  e.g.,  normal  saline,  the  liquid  of  Kipart  and  Petit 
(p.  24),  or  in  solution  of  methyl-green  (p.  74).  The  preparation  may 
he  sealed  up  with  paraffin  wax  (p.  in)  and  examined  after  some 
time. 

After  Hardening. — The  best  osmic  acid  "fixing"  fluids  for  this 
purpose  are  the  fluids  of  Flemming,  Rabl,  and  Fol,  and  the  best 
stains  safranin  and  gentian-violet.    Mount  in  xylol-balsam. 

To  see  the  finer  details  an  oil-immersion  lens  and  Abbe's  con- 
denser must  be  used. 

Mitosis  or  KaryoMnesis.— By  these  terms  is  meant  the  remark- 
able series  of  phenomena  which  take  place  in  cells — animal  and 
vegetable — when  they  undergo  a  process  of  indirect  division.  In 
this  connection  it  is  important  to  remember  the  constitution  of  a 
cell  and  some  of  the  terms  which  have  been  applied  by  different 
authors  to  its  several  parts.  A  cell  may  or  may  not  possess  a  dis- 
tinct ceU-wall,  but  the  cell-body  appears  to  be  made  up  of  two 
substances,  which  Elemming  names  as  follows  : — One  composed  of 
threads,  seldom  forming  a  network,  and  called  by  him  cyto-mitoma 
or  mitoma  (/-tiros,  thread),  also  called  spongioplasm,  and  the 
other,  homogeneous  and  lying  in  the  meshes  of  the  latter,  is  the 
paramitoma  or  hyaloplasm.  The  cell-contents  are  generally 
described  as  consisting  of  a  finely-granular  soft  substance^  the  so- 
called  _pro!!qpZam  (fig.  105).  This  protoplasm  consists  of  a  network, 
sometimes  called  a  "filar  mass  "  or  spongioplasm,  which  lies  em- 
bedded in  a  homogeneous  ground-substance  or  "  interfilar  mass  "  or 
hyaloplasm.  The  filar  mass  corresponds  to  the  mitoma  of  Flemming 
and  to  the  spongioplasm  of  some  other  authors,  while  tlie  interfilar 
mass  corresponds  to  the  paramituma,  or  the  hyalop)lusm,  or  j[)ara- 
plasma  of  some  authors. 
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Protoplasm. 


Nucleus. 


Nuclear  Membrane; 
Nuclear  Network. 

'Nucleoli. 


Fig.  105.— Connective-Tissue  Corpuscle  from 
the  Skin  of  a  Salamander. 


The  nucleus  (fig.  105),  bounded  by  a  nuclear  membrane,  com- 
posed of  two  layers,  an  outer  one,  which  does  not  stain  (achromatic), 
and  an  inner  one,  which  does  (chromatic).    Within  the  membrane 

is  an  intranuclear  network  or 
karyomiton  {Kapvov,  a  kernel) 
or  karyomitoma,  consisting  of 
a  reticulum  of  threads  or  fine 
fibres,  arranged  sometimes  in 
the  form  of  a  regular  network. 
As  these  threads,  or  at  least 
particles  in  them,  stain  readily 
with  certain  dyes,  e.g.,  safranin, 
they  have  been  called  chromatin 
or  composed  of  chromoplasm. 
In  the  meshes  of  this  more  or  less  perfect  network  lies  the  nuclear 
fluid,  which,  however,  does  not  stain  with  certain  pigments :  it  has 
been  called  achromatin. 

In  the  meshes  of  the  reticulum  lies  one — usually  more  than 

one  nucleolus.    It  is  more  refractile  than  the  rest  of  the  nucleus. 

Generally,  however,  as  stated,  two  or  more  nucleoli  are  present, 
and  they  seem  to  differ  in  their  chemical  constitution,  so  that 
Flemming  speaks  of  principal  and  accessory  nucleoli.  Many  of 
the  bodies  described  as  nucleoli  are  really  parts  of  the  intranuclear 
fibrillar  network  seen  in  optical  section.  Other  observers  have 
applied  difi'erent  terms  to  these  structures,  but  here  it  is  not 
necessary  to  multiply  terms.  The  "  attraction  sphere  "  existing  in 
the  protoplasm  of  some  cells  seems  to  exercise  some  influence  on 
the  dividing  nucleus.  . 

The  great  majority  of  cells  reproduce  themselves  by  mcUrect 
ceU-division  or  mitosis,  and  in  this  process  the  network  withm 
the  nucleus  plays  a  most  remarkable  part.  The  division  of  a  cell 
is  always  preceded  by  the  division  of  the  nucleus.  Starting  from 
the  resting  nucleus,  where  the  threads  are  not  well  developed,  soon 
two  poles  appear  in  the  nucleus,  and  then  the  threads  grow 
thicker,  more  numerous  and  tortuous,  forming  the  convolution 
stage.  The  various  stages  are  indicated  m  the 
scheme : — 

Mitosis. 


following 


1.  Besting  nucleus. 

2.  Skein  or  spircm. 

3.  Cleavage  of  fihrils. 


The  mother  nucleus  showing  the  fibrils  in  the 

reticulum  or  network  stage. 
Close  skein  of  fine  convoluted  fibrils,  then  thicker 

loops  running  from  polar  to  antipolar  regions,  the 

nucleoli  disappear. 
Each  loop  (usually  v-shaped)  splits  longitudinally 

into  two  and  the  achromatic  spindle  appears. 
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4.  Monaster,  Star,  or 
equatorial  utage. 


5.  Metalcinesis  or 

Divergence. 

6.  By  aster  or 

Double  Star. 

7.  Dispirem  or 

Double  Skein. 


8.  Netioork  or 

Beticuluvi. 


The  achromatic  spiudle  distinct  with  two  poles, 
terminating  in  two  polar  corpuscles  (with 
cytasters),  nuclear  membrane  lost.  The  V-shaped 
chromatin  fibres  arrange  themselves  in  the  equator 
of  the  spindle.  Cytoplasm  separates  into  a  clear 
and  a  granular  zone. 

Sister  threads  separate  and  move  towards  poles  along 
fibres  of  the  spindle. 

Complete  separation  of  the  two  sets  of  V-shaped 
sister  threads  towards  the  poles  of  the  spindle. 

Open  skein  in  daughter  nuclei  passing  into  a  close 
skein.  Nuclear  membrane  forming.  Cell  itself 
divides. 

Resting  condition  of  daughter  nuclei.  Cytoplasm 
divided,  remains  of  spindle  disappear.  Chromatic 
fibres  more  twisted. 


In  the  preparations  one  readily  finds  examples  of  these  and  the 
other  stages  of  mitosis. 

Mitosis. — By  far  the  best  animals  to  use  for  studying  the  process 
of  mitosis  are  the  larvae  of  the  water-salamander.     The  young 


Fig.  106.— Mitosis.  A.  Nuclear  reticulum,  resting-stage :  B  Prenarino-  fn,-  division  •  r. 
Wreath  stige  ;  D.  Monaster  with  achromatic  spintfle  E  ^^^tTov  m\xoZ  ^^^rl  t 
metakinesis,  i.e.,  chromatin  fibrils  travelliiiK  alone  the  achromnH,-  f    stage  or 

poles;  F.  Diaster  ;  G.  Daughter  wreath  atafe  ;  I'^l^^^^'^^^^^X^'^H^- 

animals  must  be  carefully  fed,  else  the  mitotic  figures  are  not  well 
seen.    Ihey  are  killed  at  various  stages,  when  they  vary  in  length 

chroml  acid"   "  ''''''  ''^'''''''^  ^ 

VrtrJ""'^  good  hardening  reagent  is  one-sixth  p.c.  chromic  acid. 
S?,.  iT  ?  ^"'^  "  Flemming's  mixture  (p.  32) 

be  used,  the  tissues  must  remain  in  it  twenty-four  hours  or  less 
Some  prefer  Rabl's  mixture  (12-24  hours)  (p.^31),  other  absolute 
alcohol  or  picric  acid.   After  being  "  fixed  "the  tissues  are  placed  in 
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FlQ.  107.— V.S.  Epidermis  of  a  Young 
Salamander  with  Kesting  Nuclei, 
Monaster  and  Diaster  Stages  of 
Dividing  Nuclei.  Cliromic  acid 
and  safranin,  x  300. 


30  to  50  per  cent,  alcohol,  the  alcohol  heing  renewed  frequently 
until  no  colouring  matter  is  given  off.  They  can  then  be  preserved 
in  strong  alcohol,  but  on  prolonged  keeping  the  nuclei  change 
somewhat. 

1.  T.S.  Tail  of  Larva  of  Salamander  (H). — Stain  a  section  for 
12-24  hours,  or  even  longer,  in  a  solution  of  safranin  (p.  75) — a 
saturated  alcoholic  solution  diluted  with  half  its  volume  of  water. 

In  dealing  with  such  delicate  sections, 
it  is  well  to  "fix "  the  section  on  a 
slide  beforehand,  especially  if  it  be 
cut  in  paraffin.  The  section  may  be 
fixed  by  albumin  and  glycerine,  the 
paraffin  removed  by  turpentine  or 
naphtha.  After  staining,  wash  in  spirit 
and  place  in  acid  alcohol  (100  cc. 
absolute  alcohol  to  3-5  drops  of 
hydrochloric  acid).  This  rapidly  de- 
colorises it  (^-i  min.).  Instead  of  acid  alcohol  the  absolute  alcohol 
may  be  used.  It  removes  the  surplus  stain  more  slowly.  The 
difficulty  is  just  to  hit  the  moment  when  the  dye  is  Avashed  out  of 
the  nuclear  matrix,  the  fibrils  being  still  stained.  The  section  is 
then  transferred  to  absolute  alcohol  and  clarified,  and  mounted  in 
xylol-balsam.    The  best  agent  to  clarify  the  section  is  cedar-wood 

oil,  as  it  does  not  dissolve 
the  safranin,  which  clove-oil 
does. 

(a.)  Observe  the  layers  of 
epithelium  of  the  epidermis 
(fig.  107).  In  several  of 
the  nuclei  the  characteristic 
mitotic  figures  are  to  be 
seen,  and  in  one  or  two 
sections  it  is  not  difficult  to 
pick  out  examples  of  nearly 
all  the  stages  of  nuclear 
division.  While  the  nuclear 
fibres  are  well  seen  in 
safranin-stained  specimens,  the  nuclear  spindle  is  not  usually  well 

^^2"*  Surface-Scraping  of  the  Epidermis,  Cornea,  or  External 
Gills  —Instead  of  making  a  section,  scrape  the  surface  of  the  skin 
of  the  tail,  or  break  up  the  external  giUs  in  water,  or  stain  (safranin) 
and  mount  the  cornea  in  xylol-balsam.  Stain  either  with  safranin 
or  logwood,  mount  in  balsam,  and  numerous  mitotic  figures  will  be 
found  (fig.  108). 


Fig  108  —Mitotic  Figures  from  the  Epidermis 
of  a  Young  Salamander.  Chromic  acid  and 
safranin,  x  300. 
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Some  prefer  to  stain  the  sections, — e.g.,  after  hardening  in  picric 
acid — with  Kleinenberg's  logwood  dihited  with  the  alcoholic 
solution  of  alum  and  calcium  chloride  (p.  68),  allowing  the  sections 
to  stain  for  12  hours  or  longer.    They  are  mounted  in  balsam. 

N.B. — It  is  important  to  note  that  tissues  must  be  treated 
differently  according  as  one  wishes  to  see  the  chromatic  fibres  or  the 
achromatic  spindle.  To  see  the  ordinary  mitotic  figures,  osmic  acid, 
or  any  fluid  containing  it,  is  good  (12-24  hours) ;  but  in  order  to  see 
the  achromatic  spindle,  it  is  better  to  use  a  chromo-acetic  mixture 
(p.  31)  for  12  hours. 


ADDITIOIvTAL  EXERCISES. 


Mitosis,  however,  can  also  be  studied  in  mammalian  tissues. 

3.  Mitosis  in  Omentum  of  New-Born  Eabbit. — Ortli  recommends  the 
omentum  of  a  new-born  rabbit.  Harden  it  for  twenty-four  hours  in  Flem- 
ming's  fluid  (p.  25) ;  wash  it  thoroughly,  and  stain  it  in  safranin-0  ;  wash  in 
water,  and  remove  the  surplus  dye,  if  necessary,  by  means  of  alcohol  acidu- 
lated with  hydrochloric  acid  (p.  144).  In  the  cells  of  the  milk-spots  and  in  the 
walls  of  the  blood-vessels  it  is  easy  to  detect  mitotic  figures,  but  they  are  much 
smaller  than  in  the  salamander. 

4.  Mitosis  in  the  Amnion.— One  of  the  readiest  sources  is  the  amnion  of  a 
pregnant  rat,  as  recommended  by  Solger.  After  the  rat  is  killed,  the  uterus 
is  excised  and  placed  in  a  saturated  watery  solution  of  picric  acid.  The  uterus 
and  the  membranes  round  each  foetus  are  opened  under  the  picric  fluid. 
Harden  for  twenty-four  hours  ;  wash  well  in  water,  and  harden  in  the  various 
strengths  of  alcohol,  beginning  with  70  per  cent.  Better  results  are,  I  think, 
obtained  by  removing  the  picric  acid  by  washing  in  alcohol  instead  of  water. 
Select  the  amniotic  membrane  and  tinge  a  small  part  of  it  in  Ehrlich's  acid 
hfematoxylin  (p.  69)  diluted  one-half.  The  membrane  may  also  be  hardened 
in  Flemming's  fluid  and  stained  with  safranin. 

5.  Methodof  Martinotti  and  Eesegotti.— Small  23ieces  of  the  tissue,  e.g.,  a. 
rapidly  growing  tumour,  are  hardened  in  absolute  alcohol.  Sections  are  made 
and  coloured  in  a  watery  solution  of  safranin-0..  The  decolorisation,  how- 
ever, is  obtained  by  a  hydro-alcoholic  solution  of  chromic  acid.  Take  one  to 
two  parts  of  a  I  per  cent,  solution  of  chromic  acid  to  eight  or  niue  of  alcohol. 
After  It  is  sufficiently  decolorised— i.e.,  the  colour  is  removed  from  every  part 
except  the  fibrils  of  the  nuclei— wash  the  section  in  absolute  alcohol,  clarify 
in  oil  of  bergamot,  and  mount  in  balsam.    This  method  yields  excellent 

6.  Mitosis  in  Plants.— Various  plants  have  been  recommended,  but  mv  own 
experience  is  limited  to  the  following  :— 

(a.)  Talvc  the  fruit  of  Fritillaria  im})eriaUs  when  they  are  30-40  mm  in 
length,  and  place  them  in  absolute  alcohol  for  a  week.  Then  in  equal  parts 
ot  glycerine  and  absolute  alcohol  for  24  hours.  Then  cut  the  fruit  in  two  ; 
Avith  a  dissecting  inicroscope  search  for  the  embryo-sac.  It  shows  various 
stages  ot  mitosis  after  staining  for  12-24  hours  in  safranin.  Mount  in  xvlol- 
Dalsam.  •  '     :  ■ 

(b.)  A  transverse  section  of  the  fruit  of  LiliuvicancUchm  also  does  very  well, 
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Harden  tlie  buds  in  absolute  alcohol  when  they  are  about  i-ii  cm.  long. 
Staia  in  safranin  and  mount  in  xylol-balsam.  •     1         1     i  •„ 

(c.)  I  have  also  tried  the  young  growing  shoots  of  an  onion  bulb  placed  m 
water.  The  tips  of  the  growing  rootlets  were  hardened  m  Fol  s  or  Rabl  s  fluid 
and  stained  with  safranin.    Fairly  good  specunens  were  thus  obtained. 


LESSON  VIII. 

CELLULAR  AND  HYALINE  CARTILAGE. 

CartUage.— The  varieties  of  cartilage  are  classified  as  foUows  :— 
I.  Cellular  or  Parenchymatous  occurs  in  the  chorda  dorsahs,  ear 

of  mouse  and  rat.  . 
2  Hyaline  encrusts  the  articular  ends  of  hones,  occurs  m  costal, 
tracheal,  bronchial,  laryngeal  (except  epiglottis  and  cornicula 
laryngis),  nasal  cartilages,  external  auditory  meatus,  and  in 
the  "  temporary  "  cartilages  of  the  foetus. 
I  (a.)  White  fibro-cartilage. 
3.  Fibrous.  <        Yellow  fibro-cartilage. 

(a  )  White  fihro-cartilage  occurs  in  the  intervertebral  discs, 
interkrticular  fibro-cartilages,  as  marginal  cartilages  on 
the  edge  of  joints  (hip,  shoidder),  hiung  tendon 
grooves,  in  sesamoid  bones,  the  sacro-iliac  synchon- 
drosis and  symphysis  pubis. 
(h.)  Yellow  fibro-cartilage  occurs  in  the  epiglottis  cartilages 
of  Wrisberg  and  Santorini,  external  ear,  and  Eustachian 
tube. 

I  CeUular  CartUage  (H).-K:iU  a  rat  or  mouse ;  snip  off  the  eal^ 
Wi  h  a  stout  pair  of  forcepl  remove  the  sldn  and  the  other  tissi^^^^^ 
from  the  ear  tmtil  the  thin  lameUa  of  cartdage 
which  forms  the  basis  of  the  ear  is  exposed. 
Harden  the  cartilage  in  absolute  alcohol.  Mount  a 
thin  part  of  the  cartilage  in  Earrants  solution. 
1.  Cellular  Cartilage  (H). 

(a.)  Observe  the  clear  cells  (fig.  109,  c)  ;  some  ot 
them  may  be  spherical,  but  most  are  polygonal  in 
no.  xo9.-ceUuiar  g^ape,  closely  pressed  together,  and  united  by  a  very 
e'^v  of  a  small  amount  of  matrix  or  intercellular  substance  (m). 
Kat.  Absolute  -g  foctissing,  rows  of  them  in  several  planes  may  be 
alcohol, X. 50.   ^y^^    Usually  no  nucleus  is  visible  in  the  cells. 

If  desired,  a  section  can  be  stained  with  h^ematoxyhn  and 

mounted  in  balsam. 
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II.  Hyaline  Cartilage. — This  consists  of  cells  or  corpuscles  em- 
bedded in  a  hyaline  matrix. 

2.  Cartilage  of  Newt  (L  and  H).— Snip  off  a  small  piece  of  the 
thin  cartilage  of  the  sternum  of  a  freshly-killed  newt,  and  with  a 
scalpel  sctape  away  any  fibrous  tissue  or 

muscle  adhering  to  it.  Mount  it  in  normal 
saline  solution  or  J  per  cent,  solution  of  ahxm. 

(a.)Observe  a  homogeneous  matrix  (fig.  no, 
m),  like  ground  glass,  in  which  are  embedded 
here  and  there  cartUage-cells  or  corpuscles 
(c).  The  matrix  is  comparatively  small  in 
amount,  and  hyaUne. 

(b.)  Each  corpuscle  consists  of  a  spherical 
mass  of  transparent,  finely-granular  ceU-sub- 
stance  (c).  Sometimes  the  protoplasm  con-  ^'''■tiiage.~,i^SLx?c: 
tains  refractile  granules  of  oil,  and  in  it  is  Body  of  cartuage-ceii; 
placed  a  spherical,  clear,  granular  nucleus  ^  ^5°- 

Near  the  margin  of  the  preparation  may  be  seen  cavities  or  capsules 
from  which  the  cell-contents  have  fallen  out;  others  where  the 
cell-contents  have  slirunk  from  their  capsule  ;  while  at  other  places 
the  cells  completely  fill  the  spaces  in  which  they  lie.  On  focussing 
through  the  thickness  of  the  tissue,  the  cells  are  seen  to  be  two  or 
more  layers  deep,  i.e.,  in  a  section  of  moderate  thickness  they  lie  in 
several  planes.    The  cells  may  lie  singly  or  in  groups 

3.  Effect  of  Acetic  Acid  (H).— Irrigate  with  a  2  per  cent,  solution 
01  acetic  acid. 

(a.)  Observe  that  the  nucleus  becomes  more  distinct  and  oranular 
the  cell-contents  clearer,  and  the  cell  shrinks  from  its  capsule,  so  that 
a  space  is  left  between  the  capsule  and  the  irregular  shrunken  cell- 
contents. 

4.  Action  of  Gold  Chloride  (H).-Mount  in  Tarrant's  solution 
a  section  of  articular  cartilage  from  the  head  of  the  femur  of  a 
freshly-kiUed  frog  which  has  been  stained  by  the  gold  chloride 
method  (p  78)  If  the  gold  be  reduced  by  formic  acid  the  bone  is 
thereby  softened,  so  that  both  bone  and  cartilage  can  be  cut  too-ether 
m  a  freezing  microtome.  ^o'^""^'- 

ceU  con?enri       T^'^f  '^^f'  ''^^'^        corpuscles  or 

ceil-contents,  but  not  nucleus,  stained  of  a  purple  hue.  The  cell- 
contents  have  shrunk  very  little.  Here  and  there  an  empty 
rffiSf'oT     T^i^'  'Ta  sold  chloride  has  a  spedal 

m7t  £,  ff  •P'''^?^'''''*'^^^'  cartilage-cells,  so  that  they  stand 
ho  ptt^f  {  *°        less-stained  matrix  in  which  they 

nT.w.  »  This  preparation  represents,  as  it  were,  the  "  positive 

wMr;iolV".f  .."^  ^^'^  •^'^"^'^"^  ^^'^  «f  silver  nitrate, 
winch  yields  the  "negative  picture "  (p.  77).  ' 
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As  a  general  rule,  it  may  be  stated  tliat  gold  chloride  stains  the 
cellular  elements,  whilst  silver  nitrate  stains  the  cement  substance, 
e. a,  connective  tissue,  cornea,  &c. 

5  Costal  or  Tracheal  CartUage  (L  and  H).— With  a  razor  make 
a  thin  transverse  section  of  a  fresh  rib  cartilage  or  tracheal  cartilage 
e.g.,  of  a  dog,  cat,  or  rabbit,  and  examine  the  section  m  normal 

saline.  ,.       ,  ,• 

(a)  (L)  Observe  the  circular  or  oval  outline  of  the  section 
surrounded  by  the  perichondrium  firmly  adherent  to  the  cartilage, 
which  consists  of  ceUs  embedded  in  a  hyaline  matrix  (fag.  1 1 1, 1  ch). 


-Pch 


^.  t^'  .^^^  '^^V 
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FIG.  xa.-Hyaline  Cartilage.   T.S.  Human  thyroid  hai^necM         x.  Fibrous 
matrLx ;  Chb.  Cartilage-capsules ;  Pch.  PeucUouauum. 

(6  )  (H)  Observe  that  the  cells  are  smaller  and  flattened  near  the 
periphery,  fusiform  farther  in,  oval  or  spherical  nearer  the  centre  of 
the  section     They  may  lie  singly,  or  in  groups,  or  m  rows. 

(c  )  m  matrix  is  generaUy  hyaline,  but  in  some  places  it  may 
bp  fibrous  (fiss.  rii,  X,  and  112, /).  .„ 

(7)  Around  each  cell,  or,  it  may  be,  each  group  of  cells  (fig  12, 
3  ),  look  for  a  car^iZa,.-ca,.«./e_(fig.  m  •  ^^.^^^'^J  "^^^^ 
fn  ind  continuous  with  the  matrix;  but  by  tilting  the  minor 
Sughtiy,  so  a"  to  modify  the  light,  it  may  be  seen  distinctly  as  a 
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well-defined  membrane  boimding  the  cell-cavity.  Not  unfrequently 
several  so-called  "  daughter-cells  "  may  be  seen  within  one  capsule. 

6.  Hardened  Costal  Cartilage. — Mount  a  transverse  section  of 
costal  cartilage  which  has  been  hardened  in  a  saturated  solution 
of  picric  acid.  The  picric 
acid  is  removed  by  washuig 
in  alcohol. 

(a.)  Stain  a  section  with 
picro-carmine  and  mount  it 
in  Farrant's  solution. 

(b.)  Stain  a  section  in 
hfematoxylin  and  mount  it 
in  balsam.  The  matrix  is 
stained  of  a  light  blue,  and 
the  corpuscles  of  a  deeper 
tone. 

(c.)  A  very  good  stain  for 
hyaline  cartilage  is  Merkel's 
indigo-carmine  stain  (p.  67). 
The  preparation  can  be 
mounted  in  balsam,  and  is 
not  too  transparent. 

(d.)  Carmine. — Place  a 
similar  section  for  twenty- 
four  hours  in  a  strong  solu- 
tion of  ammoniacal  carmine 
(p.  63).  "Wash  away  the 
surplus  carmine,  and  allow  a 
drop  of  strong  glacial  acetic 
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Fig.  112.— T.S.  Human  Costal  Cartilage,  z.  Cell 
shrunk  from  the  wall  of  its  cavity,  h ;  i.  Two 
cells  in  one  cartilage-capsule,  k;  at  a;  is  the 
commencement  of  a  separation  wall ;  2.  Five 
cartilage-cells  within  one  capsule,  but  the 
lowest  cell  has  fallen  out  of  its  cavity ;  3.  Car- 
tilage-capsule cut  oblicLuely,  so  that  it  appears 
thicker  at  one  side ;  4.  Cartilage-capsule  not 
opened  into ;  g.  Hyaline  matrix ;  /.  Fibrous 
matrix,  x  300. 


acid  to  fall  on  the  section.  After  a  minute  or  so,  wash  the  section 
thoroughly  in  water  to  remove  all  the  acid,  and  mount  it  in  Farrant's 
solution. 


Observe  the  same 
cells  are  stained  red 
tive-tissue  corpuscles 
each  cartilage-cell  is 


arrangement  of  the  cells  as  before,  but  the 


rest, 


while  the  matrix  is  colourless.    The  connec- 
of  the  perichondrium  are  also  red.  Round 
.       _  a  thin  outline  deeper  stained  than  the 

mdicating  the  presence  of  a  cartilage-capsule. 

7.  Fat  in  Cartilage-CeUs  (H).— Place  a  section  of  costal  cartilage 
(preferably  made  from  a  piece  of  costal  cartilage  taken  from  a 
person  over  fifty  years  of  age)  in  i  per  cent,  osmic  acid  for  an  hour, 
Avash  it  in  water,  and  mount  in  Farrant's  solution. 

(a.)  Observe  in  some  of  the  cells  small  and  somewhat  larger 

of  oil  blackened  by  the 


spots,  which  are 


black 
acid, 

8.  Eosin  (H).— Stain 


globules 


osmic 


with  a  watery  solution  of  eosin  a  section 
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Hyaline 
Cartilage. 


of  human  costal  cartilage  from  an  adult.  The  section  becomes 
uniformly  red.  Wash  it  in  dilute  acetic  acid  and  mount  it  in 
Farrant's  solution. 

(a.)  The  cells  are  more  deeply  stained  than  the  matrix,  and 
numerous  cells  will  be  seen  in  groups  or  in  rows  due  to  the  pro- 
liferation of  cartilage-cells.  The  cartilage-capsules  are  usually 
more  deeply  stained  than  the  surrounding  matrix.  Look  for  a 
part  of  the  matrix  which  has  become  fibrous.  It  is  deeply  stained. 
If  the  mirror  be  slightly  tilted,  or  the  light  shaded  from  the  pre- 
paration by  the  hand,  the  cartilage- 
capsules  are  usually  distinctly  seen. 

9.  Articular  Cartilage. — Decalcify 
the  head  of  a  long  bone  (e.g.,  the  femur) 
of  a  cat  or  other  animal  in  picric  acid 
or  chromic  and  nitric  acid,  with  the 
precautions  indicated  at  p.  37.  When 
it  is  thoroughly  decalcified,  make — by 
freezing — vertical  sections,  so  as  to  in- 
clude the  encrusting  cartilage  and  the 
subjacent  cancellous  bone.  Place  some 
sections  in  i  per  cent,  osmic  acid  for 
twenty-four  hours,  and  stain  others  in 
picro-carmine.  Mount  examples  of 
both  in  giycerine-jeUy,  as  glycerine  or 
Cartilage,  j'arrant's  solution  makes  the  tissues 
rather  too  transparent. 

(a.)  (L)  Observe  the  layer  of  en- 
crusting cartilage  fixed  upon  the  can- 
cellated bone  beneath  (fig.  113),  a 
bold,  irregular,  wavy  line  separating 
the  cartilage  from  the  bone,  but  the 
one  dovetails  into  the  other.  In  the 
cartilage  notice  two  areas,  an  upper  and 
larger  one,  with  a  hyaline  matrix ;  and 
a  lower,  narrower  one,  with  a  more 
aranular  matrix.  The  latter  is  the  zone  of  calcified  cartUage.  A 
fine  wavy  delicate  line  indicates  where  the  hyaUne  matrix  ends  and 
the  calcified  matrix  begins.  In  the  matrix  note  the  cartilage-ceUs, 
flattened  at  the  circumference— le.,  next  the  jomt  cavity— m  small 
groups  deeper  down,  and  in  vertical  rows  in  the  substance  of  the 

cartilage.  .         ...  - 

(&  )  (H)  Study  the  shape  of  the  cells  from  the  free  or  jomt  surface 
downwards.  At  the  circumference  they  are  flattened  or  fusiform,  and 
deeper  down  they  are  more  or  less  polyhedral  and  arranged  in  vertical 
rows     Some  of  the  cells  may  be  somewhat  shrunk  within  their 


Bone. 


Fig.  113.— V.S.  Articular  Cartilage. 
Chromic  and  nitric  fluid.  Picro- 
carmine. 


Calcified 
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capsules.    A  row  of  cells  may  be  seen  partly  in  the  hyaline  and 
partly  in  the  calcified  matrix.    Note  the  finely 
granular  character  of  the  calcified  matrix. 

(c.)  Observe  the  bone  with  its  lamellae  and 
bone-corpuscles,  and  its  open  meshes  containing 
bone-marrow. 

10.  Cartilage  of  Cuttlefish  (H).— Mount  in 
Farrant's  solution  a  section  of  the  cephalic  car- 
tilage of  a  cuttlefish.  The  cartilage  must  have 
been  hardened  previously  in  picric  acid,  alcohol, 
or  osmic  acid, 

(a.)  Stain  a  section  in  picro-carmine.  Observe 
that  the  cells  lie  in  groups  of  three  or  four,  and 
from  the  periphery  of  the  group  processes  are 
given  off  which  anastomose  with  j)rocesses  from 
adjoining  groups  of  cells  (fig.  114). 

Eosin  and  Hsematoxylin. — Stain  a  section 
slightly  with  a  dilute  solution  of  eosin  and  after- 
wards with  dilute  hsematoxylin.     Mount  in 
Farrant's  solution.    The  matrix  is  reddish,  and  the  cells  and  their 
processes  purplish  in  hue. 


Fig.  114.  —  Branched 
Cartilage-Cells  of  the 
Cartilage  of  loligo. 
Picric  acid,  eosin,  and 
logwood. 


ADDITIONAL  EXERCISE. 

11.  Silver  Nitrate  and  Cartilage  Matrix  (H). — Rub  a  piece  of  solid  silver 
nitrate  upon  tlie  cartilaginous  end  of  the  freshly-excised  femur  of  a  frog. 
Expose  the  cartilage  in  water  to  sunlight.  It  rapidly  becomes  brown.  Make 
a  thin  surface  section  with  a  razor,  and  mount  it  in  Farrant's  solution. 

(re.)  Observe  the  matrix  stained  brown,  and  a  large  number  of  unstained 
spaces  apparently  empty.  The  latter  are  the  cavities  in  which  the  cells  lie, 
but  the  cells  themselves  are  too  transparent  to  be  readily  seen.  This  picture 
is  the  reverse  of  that  obtained  with  gold  chloride  (p.  147). 


LESSON  IX. 

THE  FIBRO-CARTILAGBS  (WHITE  AND  YELLOW). 

III.  Fibro-Cartilages. 

A,  White  Fibro-Cartilage. 

1.  Intervertebral  Disc— Decalcify  in  chromic  and  nitric  acid 
fluid  (p.  37)  or  picro-sulphuric  acid  (24  hours)  an  intervertebral  disc 
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and  its  adjacent  jDieces  of  bone  (rabbit  or  cat).  By  freezing  make 
vertical  sections  to  include  tlie  disc  and  its  adjacent  bones ;  place 
the  sections  for  twenty -four  hours  in  i  per  cent,  osmic  acid,  wash  them 
thoroughly  in  water,  and  mount  in  Farrant's  solution  or  glycerine- 
jelly. 

(a.)  (L)  Observe  the  decalcified  bones,  and  between  them  the 
disc  (fig.  115).  The  bone  consists,  for  the  most  part,  of  cancellated 
bone,  and  the  disc  stretches  between  the  two  plates  of  denser  bone 
which  cover  the  ends  of  the  vertebrae.  A  thin  layer  of  hyalme 
cartilage  exists  on  the  surface  of  the  bodies  of  the  vertebrae. 

(h.)  The  disc  itself  is  of  considerable  thickness,  and  consists  of 
many  parallel  bundles,  between  which,  and  at  right  angles  to  them, 

are  other  bundles  cut 
transversely,  the  fibres 
of  adjoining  bundles 
being  arranged  some- 
times in  a  zigzag 
fashion  (fig.  115).  In 
these  bundles  are  carti- 
lage-cells, more  numer- 
ous in  the  central 
bundles  and  fewer  in 
the  outer  ones.  In 
the  centre  of  the  disc 
may  be  seen  a  more 
pulpy  tissue,  the  re- 
mains of  the  chorda 
dorsalis. 

(c.)    Externally  on 
both  sides  is  a  ligament 
of    connective  tissue 
It  gradually  shades 


Tig.  115.— V.S.  Intervertebral  Disc  of  Cat.   B.  Bone;  D. 
Disc.   Cliromo-nitric  acid  fluid  and  osmic  acid,  x  15. 


which  passes  from  one  vertebra  to  the  other, 
into  the  fibres  of  the  disc. 

(d.)  (H)  Observe  the  fibres,  with  a  greater  or  less  number  of  large 
oval  cells  lying  between  them.  The  fibres  can  perhaps  be  traced 
into  the  matrix  of  the  bone. 

(e.)  The  cells— oval  and  with  a  hyaline  capsule— are  most  numer- 
ous in  the  central  part  of  the  disc,  and  usually  there  is  np  difficulty 
in  seeing  groups  of  cells  in  the  hyaline  cartilage  forming  a  thin 
•coating  on  the  bone.  The  boundary-line  between  the  disc  and  the 
bone  is  never  straight,  but  wavy.  This  can  readily  be  made  out  by 
tilting  the  mirror  slightly. 

2.  White  Fibro-Cartilage  (H).— Snip  off  a  small  piece  of  the 
intei?vertebral  disc  of  an  ox  or  sheep  or  man,  after  hardening  a  small 
portion  for  a  day  in  a  saturated  solution  of  picric  acid  or  spirit,  or 
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picro-sulphiu'ic  acid  (twenty-four  hours).  The  hardening  is  com- 
pleted in  the  various  strengths  of  alcohol.  Tease  it  with  needles 
in  Farrant's  solution. 

(a)  Observe  the  fibrous  matrix,  consisting  of  very  fine,  wavy 
unbranched  fibrils  (fig.  116),  and  between  them  oval  or  spherical 
nucleated  cells,  each  one  with  a 
distinct  thick  hyaline  capsule. 
In  some  of  the  lattei-,  concentric 
rings  indicating  the  deposition  of 
successive  capsules,  may  be  seen. 

(&.)  The  bundles  of  fibres  run 
in  various  directions,  and  each 
fibril  is  unbranched.  The  cells 
— with  thick  capsules — are  not 
very  numerous,  and  lie  either 
singly  or  in  groups  of  two  or 
three  between  the  fibres. 

3.  Another  Method. —The 
cells  of  this  cartilage  do  not 
stain  very  readily,  but  the  follow- 
ing method  gives  good  results  : 
— Harden  the  cartilage — small 
laieces — for  a  day 
Kleinenberg's  fluid  (p. 


Fig.  ii5.— From  Human  Intervertebral  Disc. 
m.  Matrix  or  fibrous  ground-substance ; 
c.  Cartilage-cell;  !c.  Capsule  surrounded 
with  calcareous  particles.  Kleinenberg's 
fluid  and  borax-carmine,  x  250. 


or    so  in 

30),  and  after  washing  the  pieces  free  from 
the  picro-sulphuric  acid,  place  them  for  several  days  in  borax- 
carmine,  and  stain  them  en  masse.  Concentrate  the  pigment  in 
the  cells  by  placing  the  pieces  in  acid  alcohol  for  twenty-four  hours 
(p.  65).  Sections  can  be  made  either  by  freezing  or  embedding  in 
paraffin.    The  cells  are  stained  bright  red. 

B.  Yellow  Fibro-Cartilage. — (i.)  Harden  the  epiglottis  of  a  sheep, 
dog,  or  cat  for  forty-eight  hours  in  absolute  alcohol. 

(ii.)  Harden  a  part  of  the  ear  of  a  pig  in  a  saturated  solution  of 
picric  acid  for  twenty-four  hours.  Wash  away  the  picric  acid  with 
alcohol,  and  in  the  various  strengths  of  alcohol  complete  the 
hardening. 

By  freezing  make  sections  of  the  epiglottis  and  ear. 

4.  Epiglottis. — Stain  a  section  in  picro-carmine  and  mount  it  in 
Farrant's  solution. 

(a.)  (L)  Neglecting  the  stratified  epithelium  and  glands  which 
are  present,  observe  the  perichondrium  (fig.  1 1 7,  c,f),  embracing  the 
mass  of  cartilage,  and  firmly  adherent  to  the  latter,  which  has  a 
fibrous,  yellow-stained  matrix,  studded  with  cells— stained  red — 
embedded  in  it.  The  mass  of  cartilage  may  appear  to  be  interrupted, 
or  it  may  even  be  perforated. 

(&.)  (H)  Observe  the  perichondrium,  composed  of  connective 
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tissue,  with  numerous  elastic  fibres  3  the  latter  can  be  traced  into, 
and  become  continuous  with,  the  elastic  fibres  of  the  matrix  (fig. 
117,  e,  f).  The  matrix  consists  of  fine  branched  and  anastomosing 
fibres  of  elastic  tissue,  stained  yellow  with  picric  acid.  Where  the 
fibres  are  cut  transversely,  they  appear  as  yellow  dots  or  granules. 

In  addition  to  these,  however,  there 
are  numerous  granules  of  elastin 
scattered  in  the  matrix.  In  this 
meshwork  notice  the  nucleated 
cells  stained  red.  Each  ceU  has  a 
capsule,  but  near  the  perichondrium 
they  are  smaller  and  flattened  (/), 
while  in  the  substance  of  the  carti- 
lage they  are  larger,  oval,  or 
spherical  (?•). 

5.  Acid  Fuchsin  Method. — Stain 
a  section  with  a  watery  sohition  of 
acid  fuchsin.  Wash  the  section  for 
a  long  time  in  absolute  alcohol  and 
mount  in  balsam.  The  network  is 
intensely  red,  and  the  other  parts 
uncoloured. 

6.  Double  Staining  of  the  Epi- 
glottis.—(i.)  Stain  a  section  with 
picro-carmine,  and  then  faintly  Avith 
logwood.  Momit  in  balsam.  To 
preserve  the  yellow  colour  of  the 
fibrils,  the  clove-oil,  with  which  the 
section  is  cleared  up,  must  be  made 
yellowish  by  dissolving  in  it  a  little 
picric  acid.  The  fibres  are  yeUow, 
the  cells  red,  and  the  nuclei 
purplish. 

(ii.)  Stain  another  section  with 
dilute  eosin-hsematoxylm,  and  mount 
it  in  Tarrant's  solution  or  balsam. 
The  cells  take  the  logwood  tint,  and 
the  fibres  the  colour  of  eosin. 

7.  Ear  of  Pig  or  Horse.— Stain 
a  section  in  picro-carmine,  and  mount  it  in  Farrant's  solution. 

(L  and  H)  Observe  the  skin,  its  glands  and  muscles.  Neglect 
these,  and  note  the  perichondrium  enclosing  the  cartilage  with  a 
characteristic  arrangement  of  the  cells.  The  cells  near  the  sui'face 
small,  flattened,  and  parallel  to  it,  whUe  those  in  the  centre 


Fig.  117.— T.S.  Epiglottis  of  a  Dog.  a. 
Fat-cells  in  periclioniliium,  c ;  e. 
Elastic  fibres ;  i.  Superficiallayers  of 
smaller  cells;  r.  Layer  of  larger 
cells  with  elastic  granules,  I.;  f. 
Pericliondriiim.  Alcohol  aucl  picro- 
carmine. 


are 
are 


larger 


and 


arranged 


across 


the 


long 


axis  of  the  section. 
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Between  the  cells  is  a  matrix,  which  may  be  partly  hyaline  and 
partly  yellow  fibrous. 

8.  Transition  of  Hyaline  to  Elastic  Cartilage  (H).— Dissect 
out  the  arytenoid  cartilage  of  an  ox  or  sheep.  Harden  and  pre- 
serve it  in  alcohol.  Cut  sections  through  the  part  where  the 
hyaline  cartilage  merges  into  the  elastic  variety.  This  is  quite 
visible  to  the  naked  eye,  the  elastic  part  betag  more  opaque  and 
yellowish  wliite  in  tint.      Stain  a  section  with  picro-carmine,  and 


Fig.  ii8.— Elastic  Cartilage   Ear  of  Horse,        Fig.  ng.— Elastic  Cartilage  developing  in 
harcleued  in  alcohol.  EI.   Elastic  fibres  out  Hyaline  Cartilage  in  Arytenoid  Carti- 

in  various    directions  ;    K.  Nucleus    of  lage  of  a  Calf,  x  loo.  The  clear  spaces 

cartilage-cell;  Knh.  Contour  of  cartilage-cell  indicate  the  position  of  the  cells,  the 

cavity ;  Knh'.  Empty  cartilage  capsule ;  Knz.  shadow  part  the  hyaline  matri.x. 

Cartilage-cell. 

mount  it  in  Tarrant's  solution.  On  making  a  section  of  such  a 
cartilage  in  the  fresh  condition,  one  part  has  the  pale-bluish  colour 
■of  hyaline  cartilage,  and  the  other  part  is  very  faintly  yellow. 

{a.)  At  one  part  observe  hyaline  cartilage,  whose  matrix 
gradually  becomes  fibrous.  At  first  only  a  few  scattered  granules 
of  elastin  are  seen,  then  the  hyaline  matrix  is  traversed  by  elastic 
fibres,  and  gradually  the  matrix  loses  its  hyaline  character,  and 
becomes  distinctly  fibrous.  Around  each  cell  there  is  a  clear  area 
■ — hyaline — devoid  of  fibres  (fig.  1 1 9). 
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LESSON  X.  . 

CONNECTIVE  TISSUE. 

The  group  of  Connective  Tissues  includes  cartilage,  ordinary 
connective  tissue  (with  adipose  tissue),  adenoid  or  retiform  tissue, 
mucous  tissue,  bone  and  dentine,  (i)  These  all  subserve  more  or 
less  mechanical  functions  in  the  organism;  (2)  they  all  have  much 
in  common  in  structure,  i.e.,  they  are  composed  of  cells,  and  an 
intercellular  matrix,  but  usually  the  development  of  the  matrix 
exceeds  that  of  the  cells ;  and  (3)  they  are  all  developed  from  the 
mesoblast  of  the  embryo. 


ORDINARY  CONNECTIVE  TISSUE. 

It  consists  of  the  following  structural  elements  : — 

A.  Stnidural  Elements. 

T,.,       f  White  or  gelatinous. 
Fibres.  I  Yellow  or  elastic. 

( 1.  Flattened  or  lamellar  Rails,  called  also  fixed  con- 
I  nective-tissue  corpuscles. 

Fixed  .     .  -{  2.  Granular  cells  (eosinophilous  cells  ?). 

I  3. .  Vacuolated  or  plasma  cells  of  Waldeyer. 
L     Clasmatocytes  of  Ranvier  (?). 
,  Migratory  .        Wandering  cells  or  leucocytes. 

B.  Arrangement  of  these  Elements. 
(a.)  Areolar,  e.g.,  subcutaneous  and  submucous  tissues. 
{h. )  Bundles  in  parallel  groups,  e.g. ,  tendon  (with  parallel  fibres)  anrt 

fascite  (fibres  crossing  at  right  angles), 
(c.)  Fenestrated  fibrous  membranes,  e.g.,  omentum. 
Id.)  Compact  bundles  crossing  in  all  directions,  e.g.,  skm. 

The  lamellar  cells  are  flattened  or  winged  plates  which  lie  on 
the  bundles  of  fibrils.  They  have  a  large  oval  nucleus  lying  m  a 
clear  plate.  r  j 

The  granular  cells,  or  "  Mastzellen  "  of  Ehrlich,  are  often  found 
near  blood-vessels,  and  in  the  fat  present  in  areolar  tissue,  in 
the  submucous  tissue  of  the  intestine,  and  in  Glisson's  capsule. 
The  cells  are  often  spherical,  and  the  granules  are  numerous  and 
proteid  in  nature,  and  stain  with  aniline  dyes,  e.g.,  eosin,  hence 
the  term  sometimes  applied  to  them  "  eosinophilous  cells." 

The  plasma  cells  were  formerly  confused  with  the  foregomg. 
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but  in  the  plasma  cells  the  protoplasm  is  vacuolated,  and  the 
vacuoles  contain  fluid.  They  sometimes  have  short  processes. 
What  the  relation  of  the  clasmatocytes  to  these  other  cells  may  be 
•  is  so  far  not  determined ;  nor,  indeed,  do  we  know  the  relation 
between  the  granular  and  the  plasma  cells. 

The  migratory  cells  are  identical  with  the  white  blood-cor- 
puscles or  lymph-corpuscles,  and  may  therefore  be  regarded  as  an 
adventitious  element. 

Yellow  or  Elastic  Fibres  occur  in  the  ligamentum  nuchse  of 
animals  (large  fibres) ;  lig.  subflava ;  stylo-hyoid  ligament ;  con- 
nective tissue  generally ;  in  the  walls  of  the  air-tubes  and  lungs ; 
the  larger  blood-vessels,  especially  arteries ;  the  vocal  cords  and 
some  ligaments  of  the  larynx ;  many  organs,  e.g.,  spleen. 
..  1.  Yellow  or  Elastic  Fibres— Thick  Fibres  (H). — Tease  out 
in  water  a  fragment  of  the  ligamentum  nuchse  of  an  ox;  cover 
and  examine  it.    It  can  be  mounted  in  Farrant's  solution. 

(a.)  Observe  the  broad 
fibres  with  a  definite 
outline,  yellow  in  colour, 
refracting  the  light 
strongly,  branching  and 
anastomosing,  and  some- 
times curling  at  their 
ends  where  they  are 
broken  across  .(fig.  120, 
/).  A  small  quantity 
of  Avhite  fibrous  tissue 
will  be  found  between 
and  supporting  the 
fibres  {h). 

(5.)  Measure  the  size 
of  one  of  the  larger 
fibres.  They  are  about 
7-8  fJ-  (uTTMjtli  iiich)  in 
diameter. 

(c.)  Irrigate  with  acetic 
acid.  The  fibres  are  not  affected,  and  no  nuclei  are  revealed  in 
them.  They  consist  of  the  substance  elastin,  which  is  unaffected 
by  acetic  acid. 

Make  longitudinal  and  transverse  sections  of  the  ligamentum 
nuchee  (hardened  in  alcohol).  Stain  both  in  picro-carmine  and 
mount  in  Farrant's  solution.  The  connective  tissue  is  thereby 
stained  red,  and  the  elastic  fibres  yellow. 

2.  L.  S.  Ligamentum  Nuchse  (H).— Observe  the  fibres  (yellowish), 
with  a  small  amount  of  connective  tissue  (red)  between  them.  The 


Fig.  120.— f.  Elastic  fibres  from  the  ligamentum 
imulia: ;  h.  Fine  white  fibrous  tissue,  x  300. 
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Fig.  121.— T.S.  Ligameutum 
Nuchro  of  Ox.  a.  Elastic 
fibres ;  c.  Connective-tissue 
between  them;  n.  Nuclei 
of  connective-tissue  cor- 
puscles. Alcohol  and  borax- 
carmine,  X  300. 


fibres  are  broad  with  well-defined  margins,  have  a  feeble  yellow 
tint,  and  are  transparent.  They  branch  and  anastomose,  and  where 
ruptured  curl  up  at  their  ends. 

3.  T.S.  Ligamentum  Nuchae  of  Ox  (H). — Observe  the  polygonal 
ends  of  the  broad  fibres — yellow — and  nearly  as  broad  as,  or  broader 

than,  a  coloured  blood-corpuscle,  sometimes 
single,  mostly  in  groups  of  three  or  more 
(fig.  121,  a) — homogeneous  throughout.  A 
small  amount  of  connective  tissue  (c)  (red) 
between  the  groups. 

4.  Another  section  may  be  stained  with 
a  watery  solution  of  magenta  and  mounted 
in  Tarrant's  solution.  The  fibres  are  stained 
red,  but  the  pigment  is  apt  to  diffuse  into 
the  Farrant's  solution. 

5.  A  good  plan  is  after  hardening  the 
ligamentum  nuchse  in  alcohol  to  stain  it  in 
borax-carmine  for  several  days,  with  the 

precautions  stated  at  p.  65.  Transverse  sections  show  the  white 
fibrous  tissue  between  the  elastic  fibres,  with  its  nuclei  stained  red 
(fig.  121,  n). 

6.  Fine  Yellow  Elastic  Fibres  (H). — Harden  the  mesocolon  or 
mesentery  of  a  young  rabbit  in  Flemming's  fluid,  and  stain  it  in 

methyl-violet  as  directed  imder  Lesson  X.  14, 
or  stain  it  with  magenta,  when  the  elastic 
fibres  are  stained  red ;  or  with  safranin  after 
hardening  in  chromic  acid. 

(a.)  Observe  the  network  of  fine  elastic 
fibres.  Many  of  the  fibres  have  a  diameter 
equal  to  one-sixth,  or  less,  of  that  of  a 
coloured  blood-corpuscle  (i  fi  or  -^.io^  inch 
in  diameter).  The  fibres  branch  and  anasto- 
mose, and  by  carefully  focussing,  one  can 
observe  that  the  fibres  do  not  all  lie  in 

the  same  plane  (fig.  122).  ,    -  - 

7.  Fenestrated  Membranes  (H).— Sometimes  the  elastm  is  so 
arranged  as  to  form  sheets  or  plates  of  elastic  tissue,  e.g.,  in  the 
large  arteries ;  at  other  times  these  are  perforated  with  holes,  and 
are  called  fenestrated  elastic  membranes. 

With  a  pair  of  forceps  tear  off  a  little  of  the  endocardium  from  a 
sheep's  heart,  spread  it  on  a  slide,  and  treat  it  with  caustic  potash. 
Or  use  the  basilar  artery,  sHt  it  up  and  scrape  away  the  outer  coats, 
and  use  caustic  potash  as  before.  _ 

(a.)  Observe  near  the  margin  of  the  preparation  the  elastic 
membrane  with  holes  in  it  (fig.  123), 


Fig.  122.— Fine  Network  of 
Elastic  Fibres  from  the 
Mesocolon  of  Rabbit. 
Flemming's  fluid  and 
safranin. 
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8.  Wliite  Fibres  of  Areolar  Tissue  (H).— Dissect  off  a  tliiu 
lamella  from  an  intermuscular  septum,  or  remove  a  little  of  the 
subcutaneous  tissue  of  a  rabbit 
or  rat.  Place  it  on  a  dry  slide, 
and  rapidly  spread  it  out  into  a 
thin  film,  but  do  not  let  it 
become  dry,  which  can  easily  be 
avoided  by  breathing  on  the 
preparation.  This  is  known  as 
the  "half-drying"  or  "semi- 
desiccation  method,"  and  is  a 
very  useful  one,  especially  for 
sections  containing  much  con- 
nective-tissue. Place  a  drop  of 
normal  saline  solution  on  the 
cover-glass  and  apply  it  to  the 
preparation. 

{a.)  Observe  the  unbranched  wliite  fibres,  wavy  in  their  course, 


Fig.  123.— Network  o£  Thick  Elastic  Filjres. 
ii.  Passing  into  a  fenestrated  membrane. 
m.  Human  endocardium.  Fresh  and 
caustic  potash. 


FIO.  124.— Areolar  Tissue  from  Intermuscular  Tissue  of  a  Calf,  x  200.  rtdgf.  Connective- 
tissue  fibres,  i.e.,  bundles  of  fibres ;  Bdgz.  Connective-tissue  cells  ;  EIF.  Elastic  fibres  ; 
Lc.  Leucocytes. 

with  a  faint,  ill-defined  outline,  crossing  each  other  in  various 
directions.    They  arc  colourless,  of  feeble  refractive  power,  and 
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transparent.  The  fibres  are  striated  longitudinally,  and  are  seen  to 
be  made  up  of  excessively  delicate  fine  unbranched  fibrils.  The 
fibres  vary  from  6  /x  to  8  /a  in  diameter  (x^VTr-Tmro  i"ch).  They 
may  be  round  or  flattened,  and  are  of  indetinite  length.  Amongst 
the  white  fibres  may  be  seen  a  few  fine  elastic  fibres  (EIF),  recog- 
nised by  their  sharper  contour,  and  by  the  fact  that  they  branch 
and  anastomose.  They  run  between,  but  never  in  the  white  fibres. 
It  is  not  often  that  the  corpuscles  are  visible  without  the  action  of 
special  reagents.  The  corpuscles  are  best  seen  in  young  animals 
(fig.  124,  Bdgz). 

(&.)  Irrigate  with  a  2  per  cent,  solution  of  glacial  acetic  acid ; 
observe  that  the  white  fibres  swell  np,  become  clear,  gelatinous, 

and  homogeneous;  the  elastic  fibres 
being  unaffected,  come  clearly  into 
view.  The  latter  have  a  sharply- 
defined  outUne,  branch  and  anasto- 
mose, and  sometimes  curl  at  the  ends. 

The  corpuscles,  or  at  least  their 
nuclei,  come  into  view.  Observe 
the  oval  or  fusiform  nuclei  of  the 
fixed  connective  -  tissue  corpuscles 
(Bdgz) — they  may  be  surrounded 
with  some  soft  protoplasm — and 
the  much  smaller  compound  nuclei 
of  the  ivandering  cells  or  leucocytes 
(Lc).  In  the  rat  especially  one  is 
very  likely  to  find  the  very  granular 
nucleated  cells  known  as  granular 
ceUs.  They  frequently  lie  along 
the  course  of  the  small  blood- 
vessels. Do  not  preserve  this 
specimen. 

If  the  areolar  tissue  be  taken  from  the  sub-arachnoid  space  of 
the  bram  and  treated  with  dilute  acetic  acid,  the  fibres  lose  their 
fibrillated  structure,  nuclei  appear,  and  the  fibres  themselves  may 
be  seen  to  swell  up  here  and  there,  while  they  are  constricted  at 
irregular  intervals  by  a  thin  fibre.  This  is  due  to  these  fibres 
being  partly  embraced  by  connedtive-tissue  cells,  which  have  long 
branches  A^'hich  partly  encircle  the  fibre. 

9,  Fenestrated  Fibrous  Tissue  (L  and  H).  — Harden  the 
omentum  of  a  dog  or  cat  in  Miiller's  fluid.  Stain  a  piece  in  logwood, 
and  mount  in  balsam.  ■ 

Note  the  meshes  bounded  by  areolar  tissue.  The  fibrils  wliicn 
compose  the  fibres  are  readily  seen,  and  sometimes  an  endothelial 
cell  may  be  seen  partially  detached  (fig.  125,  E'),  for  the  omentum 


Fig.  125.— Omentum  of  Dog.  E',  E".  Par- 
tially detached  endothelial  cells.  E. 
Nuclei  of  endothelial  cells,  x  130. 


X.] 


CONNECTIVE  TISSUE. 


i6i 


lying  in  a  serous  cavity  is  covered  with  endothelium.  The  nuclei  on 
the  surface  are  the  nuclei  of  endothelial  cells,  and  those  in  the  sub- 
stances of  the  trabeculae  belong  to  connective-tissue  cells. 


ADDITIONAL  EXERCISES. 
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10.  Martinotti's  Reaction  for  Elastic  Fibres  (H). — Harden  elastic  tissue, 
ligamentum  nuchte,  or  an  organ  containing  elastic  fibres,  e.g.,  skin, 

artery,  lung,  ti-achea,  in  .2  per  cent,  chromic  acid  for  three  weeks.  Cut 
sections  and  place  them  for  twenty-four  to  forty-eight  hours  in  a  saturated 
alcoholic  solution  of  safranin-0.  Wash  them  in  acid  alcohol  (p.  65),  and  then 
in  absolute  alcohol,  to  remove  the  surplus  dye  ; 
clear  in  xylol,  and  mount  in  xylol-balsam. 

{a.)  All  the  elastic  fibres,  and  they  alone,  are  now 
either  purplish,  or,  if  the  fibres  be  fine,  black. 
This  is  a  most  excellent  method  for  differentiating 
elastic  fibres.  The  one  thing  of  importance  is  to 
secure  a  good  sample  of  safranin  ;  some  samples  are 
quite  inactive. 

11.  Elastic  Fibres  {Herxheimer' s  iIctliod).—?\&CQ 
the  sections  containing  elastic  fibres  in  an  alcoholic 
solution  of  hfematoxylin,  to  which  is  added  a  few 
drops  of  a  saturated  solution  of  lithium  carbonate. 
Stain  them  for  a  few  minutes.  Place  them  for  five 
to  twenty  seconds  in  tincture  of  perchloride  of  iron, 
which  rapidly  decolorises  all  except  the  elastic 
fibres,  which  remain  bluish  or  blackish.  Wash  in 
water  and  mount  in  balsam.  This  method  is  admir- 
ably adapted  for  demonstrating  the  longitudinal 
layer  of  elastic  fibres  in  the  trachea  and  bronchi. 

12.  Violet-B  Method.— Cut  out  the  hyaloid  mem- 
brane of  a  frog's  eye,  or  a  piece  of  the  omentum  of  a 
young  rabbit,  or  the  suspensory  ligament  of  the  liver 
of  a  rabbit.  In  normal  saline  pencil  away  the  epi- 
thelium covering  the  membrane.  Stain  the  section 
ivith  violet-B  (i  gi-am  violet-B  in  300  cc.  of  normal 
saline).  This  stains  the  cells  and  the  elastic  fibres. 
The  preparation  cannot  be  mounted  in  glycerine 
or  Tarrant's  solution,  as  these  dissolve  out  the  dye, 
but  a  strong  solution  of  common  salt  may  be  used 
(,S'.  Mayer). 

13.  Areolar  Tissue— Permanent  Preparations, 
(i.)  By  means  of  a  hypodennic  syringe  (fig.  126) 

make  an  interstitial  injection  of  silver  nitrate 
(i  :  1000)  into  the  subcutaneous  tissue  of  a  doc  or 
rabbit.  In  this  way  an  artificial  cedema  is  produced 
and  the  tissues  are  ' '  fixed. "    With  a  pair  of  scissors 

an7i;n  ^•i'"       '"'f  t"*^  ^^'"^        edematous  connective  tissue 

and  stain  it  with  picro-carmme.     It  requires  some  time  to  stain   and  the 
prepara  ion  should  be  left  for  ten  to  twelve  hours  in  a  mS^Cber 
I  tiff.  70),  and  then  the  picro-carmine  is  slowly  displaced  by  acid  trU-cerine 
glycerine  slightly  acidulated  with  formic  acid.      In  this  way  Th^ 


Fig.  126.— Hj-podermic  Sy- 
ringe for  making  a  Sub- 
cutaneous or  Interstitial 
Injection. 
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various  elements-fibrous  and  cellular-are  usually  brought  distinctly  into 

view  (Ranvier).  .  .     .  ^  n        ^  4.  i„„,.„ 

(ii.)  An  excellent  plan  is  to  inject  picro-carmine  mterstitially,  and  to  leave 
the  bulla  several  hours  before  snipping  out  a  small  part  of  it  and  mounting 
it  in  formic  glycerine.    In  this  preparation  connective-tissue  fibres  vnth  con- 
strictions at  intervals  are  frequently  seen,  i.  J  „i„ 
(iii.)  A  fibre  may  be  stained  with  acid  heematoxyhn  and  mounted  m  gly- 

^^^iT  CoaSiy  Granular  CeUs  ("  Mastzellen"  of  Ehrlich).—TUce  part  of  the 
omentum  of  a  voung  rabbit-or  the  fat  from  around  the  kidney  of  a  rat  or 
rabbit-in  a  watery  solution  of  gentian-violet  to  which  a  filtered  watery  solu- 
tion of  aniline-oil  has  been  added.     Heat  the 
whole  in  a  capsule  until  the  vapour  begins  to 
rise,  and  allow  it  to  cool. 

After  staining  for  twenty-four  hours,  remove  the 
tissue  and  wash  it  in  acid  alcohol  until  most  of  the 
blue  is  gone.  Dehydrate  it  in  absolute  alcohol, 
clear  with  xylol,  and  mount  it  in  xylol-balsam. 

(H)  Search  for  a  blood-vessel,  and  along  its 
course  will  be  found  large  oval  cells  crowded 
with  numerous  granules  stained  blue  (fig.  127). 
These  cells  are  found  also  apart  from  the  blood- 
vessels 

15.  Gentian-Violet  and  Carmine  Preparation. 

— Tlie  preparation  may  be  double  stained,  thus  : 
After  washing  in  acid  alcohol,  stain  the  prepara- 
tion in  lithium-carmine  for  a  few  minutes,  and 
asain  extract  with  acid  alcohol.  Mount  as  before 
in  balsam.  Observe  the  gi-anules  of  the  cells, 
blue  as  before,  the  nucleus  red.  All  the  other 
nuclei  in  the  field  are  now  red.  ^ 
IR  rijiRmatocvtes  — Ranvieri  ^as  given  the  name  clasmatocyte  (K\ao-aa, 
16.  ClaBmatocytes    -^^"^^  °  ^gseej,  in  thin  comiective-tissue  mem- 

in  distilled  water  (10  P^^^^s^    famine^  th^^^^^^^^^^  ^^^^ 

a  bluish  tint.  At  the  extremities  of  the  branches 
are  small  islands  or  granulations  similarly  tinted, 
and  it  is  for  this  reason  Kanvier  has  given  them 

*^iV"'Sli-Spaces  in  Areolar  Tissue  (H).-From 
a  freshly-killed  rabbit  snip  out  a  small  piece  ot 
the  subcutaneous  tissue  as  frfe  from  fat  as  pos- 
sible. Spread  it  upon  a  dry  slide  and  drop  on  it 
from  a  pipette  a  half  per  cent,  solution  of  silver 
nitrate  Allow  the  silver  to  act  for  ten  to  twelve 
minutes,  rtmove  it,  cover  the  film  with  glycerine 
andexnose  it  to  light.    It  rapidly  becomes  brown.    It  is  better  to  use  con- 

clear  branched  spaces  corresponding  in  shape  to  the  nxea  conm-ciivB 
puscles.    These  are  the  cell-spaces  (fig.  12b). 

1  Oomptes  Bendus,  vol.  110,  p.  165,  1890. 


I'IG.  127.— Coarsely  Granular 
Cells,  the  "  Mastzellen  "  of 
German  authors,  from  Bat. 
f.  Fat  cells ;  v.  Vein  ;  tn. 
'"  Mastzellen.' 


Fig.  128.— Cell-Spaces  in  Areo- 
lar Tissue.  Silver  nitrate. 
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18.  PericBsophageal  Membrane  of  Frog.  — To  Ranvier  ^  we  owe  our  know- 
ledge of  the  value  of  this  membrane.  The  oesophagus  is  surrounded  by  a  lymph- 
sac,  which  is  separated  from  the  pleuro-peritoneal  cavity  by  an  excessively  thin 
membrane.  The  sac  is  readily  distended  by  insufflation,  after  pulling  out  the 
oesophagus  through  the  mouth  by  means  of  a  hook.  This  membrane  is  covered 
on  both  surfaces  by  epithelium  which  can  be  stained  with  silver  nitrate  ;  its 
texture  consists  of  fine  connective-tissue  with  elastic  fibres,  but  containing 
clasmatocytes,  and  in  it  are  also  to  be  found  blood-vessels  and  non-medullated 
nerves.  Ti-eat  it  as  described  in  16,  to  see  the  clasmatocytes.  By  the  same  pro- 
cess the  non-medullated  nerve  fibres  and  elastic  fibres  will  also  be  stained. 


LESSON  XI. 


TENDON 

Tendon  is  composed  of  loMte  fibres  arranged  longitudinally  and 
parallel  to  each  other.    The  fibres  are  arranged  in  bundles,  the 
tendon-bundles,  which  are  held  together  by  a  sJieath  and  septa  of 
connective-tissue.    The  fibres  are  united  to 
each  other  by  a  cement  substance,  and  on 
the  primary  bundles  of  the  fibres  are  placed 
the  tendon-cells,  which  vary  in  their  shape 
and  arrangement  in  different  tendons.  It 
is  supplied  by  few  blood-vessels,  and  con- 
tains only  a  few  elastic  fibres. 

Tendon.— Harden  a  small  tendon  of  a 
man,  calf,  dog,  or  cat,  in  Miiller's  fluid, 
alcohol,  bichromate  of  potash,  and  com- 
plete the  hardening  in  alcohol.  By  freez- 
ing, make  transverse  and  longitudinal  sec- 
tions, or  use  the  celloidin  method.  Tendons 
cannot  be  cut  after  being  embedded  in 
paraffin,  they  become  too  hard. 
_  1.  T.S.  Tendon  (L).— (a.)  Stain  a  sec- 
tion in  picro-carmine,  and  mount  it  in 
Farrant's  solution.  Observe  the  sheath 
(fig.  129,  s),  composed  of  connective  tissue 
arranged  circularly,  sending  septa  {t)  into 
the  substance  of  the  tendon,  thus  breaking  it  up  into  polygonal 
areas  of  diff-erent  sizes,  which  are  filled  by  the  cut  ends  of  the 
longitudmally-arranged  fibres. 

^  Gomptes Reiulus,  vol.  Ill,  p.  863,  1890. 


Fig.  129.— T.S.  Tendon,  s. 
Sheath,  with  h.  Blood-ves- 
sel ;  t.  Trabeculnj  or  septa; 
c.  Branched  spaces  in  the 
tendon  for  tendon-cells; 
I.  Matrix  or  cut  ends  of 
the  fibres,  x  50. 
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(h)  The  branching  stellate  spaces,  interfascicular  spaces  (fig. 
120  c)  between  the  fasciculi  or  bundles  of  fibres.  If  these  spaces 
contain  air,  they  appear  somewhat  dark.  These  spaces  can  readily 
be  seen  as  branched  dark  spaces  if  a  transverse  section  is  made— 
by  means  of  a  knife,  not  a  razor— of  a  smaU  tendon  dried  at  the 
ordinary  temperature. 

(c )  (H)  Observe  the  cut  ends  of  the  fibres  (0,  which  appear 
almost  homogeneous,  but  amongst  them  here  and  there  may  be 
seen  a  few  dots,  which  are  the  transverse  sections  of  elastic  fibres, 

and  the  branched  tenaon- 
spaces  (c),  some  of  them 
with  a  nucleated  branched 
cell. 

2.  L.S.  Tendon. — Stain 
a  section  with  logwood,  and 
mount  it  in  balsam.  (H) 
Observe   the  longitudinal 
arrangement  of  the  fibres, 
and  between  them  rows  of 
fusiform    tendon  -  cells,  or 
rather  the  long  fusiform 
nuclei  of  the  tendon  ceUs 
arranged     between  the 
fibres.    The  other  parts  of 
the  cell  become  too  trans- 
parent to  be  seen  (fig.  130). 
Sometimes  a  L.S.  of  one  of 
the  septa  may  be  seen. 

3.  Fibrils  in  Tendon 
(H).— Macerate   a  tendon 
from  the  tail  of  a  rat  for 
.twenty-four  hours  in  a  satu- 
rated solution  of  picric  acid, 
or  for  3-4  hours  in  baryta 
water.    Tease  a  small  part, 
and  examine  it  first  in 
water.    Mount  it  in  Tarrant's  solution.    This  is  apt,  however,  to 
Tender  the  fibrUs  too  transparent.    Perhaps  a  better  me  hod  is  to 
place  the  fine  tendons  for  twenty-four  hours  m  equal  parte  of 
\  per  cent,  osmic  acid  and  i  per  cent,  silver  nitrate.     Mount  a 
teased  preparation  in  Farrant's  solution.     .    ,  .  ,  v 

(1)  Observe  the  isolated  fibrils  (^  inch  m  diameter),  exces- 
^ivplv  fine,  wavy,  and  unbranched  (fig.  131).  „ 
4  Tendon  of  Rat  {Gold  Chloride  Method). -K^ll  a  rat,  cut  off 
its  tail,  forcibly  rupture  the  tail,  when  a  long  leash  of  fine  white 


flO.  130.— L.S. 


Human  Tendon  (Tibialis  anticus). 


si.  Rows  of  nuclei  of  tenclon-cells. 
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glistening  threads  or  tendons  will  be  obtained.      Prepare  the 
tendons  by  one  of  the  gold  chloride  methods.    One  of  the  best 
methods  is  the  lenion-juice  method  of  Ranvier  (p.  79),  but  the 
boiled  formic  acid  and  gold  method  also 
yields  excellent  results.    It  is  to  be  re- 
membered that  it  is  not  necessary  to  use 
gold  chloride  to  demonstrate  the  tendon- 
cells  ;  this  can  be  done  by  htematoxylin. 

"With  regard  to  the  action  of  gold 
chloride,  my  experience  leads  me  to 
believe,  that  in  order  to  see  the  rows  of 
tendon-cells  with  their  lateral  protoplasm 
expansions,  the  lemon-juice  method  is 
very  good ;  while  the  old  acetic  acid 
method  makes  the  fibres  less  swollen  up, 
and  on  teasing  they  are  readily  isolated. 


thus  enabling  one  to  see  cells  either 


Fig.  J31.— Fibrils  of  Tendon  of 
Rat  Isolated  by  Picric  Acid, 
X  300. 


singly  or  in  rows  clasping  them.  Not  un- 
frequently  isolated  tendon-cells  are  to  be 
seen  in  the  field  of  the  microscope. 

Tease  a  small  part  of  the  gold  tendon  in  Warrant's  solution, 
(a.)  (H)  The  fibres  are  swollen  up  and  transparent,  and  lying  on 
them  are  rows  of  tendon-cells  (fig.  132,  b,  h)  stained  of  a  violet 
tint.    Each  cell  is  somewhat  oblong  with  a  distinct  nucleus,  and 


a. 

I 


Fig.  132.— Gold  Chloride, 
Tendon,  Tail  of  Eat.  a. 
Tendon  -  cells  seen  on 
edge  and  embracing  a 
fibre;  bh.  On  the  flat, 
the  cells  with  a  ridge. 


Fig.  133.— Tendon-Cells,  Tail  of  Rat.  c.  Cells ; 
^j.  Lateral  prolongation  or  expansion  of  the 
cell  protoplasm;  n.  Nucleus;  a.  Stripe  or 
rulge. 


bears  a  flattened  wing-shaped  expansion  (fig.  133).  Alon"-  the  cells 
is  usually  to  be  seen  a  stripe  or  ridge  (fig.  133),  produced  by  the 
cells  being  compressed  between  several  adjoining  fibres.  This  'ridge 
may  be  seen  to  be  interrupted  in  some  of  the  cells.  The  nuclei  of 
the  adjacent  cells  may  be  seen  to  be  close  together. 
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(6.)  If  a  side  view  of  the  cells  is  obtained  (fig.  132,  a),  they 
partially  clasp  the  fibre,  but  never  envelope  it  completely ;  in  this 
respect  these  cells  differ  from  endothelium. 

5.  T.S.  of  Gold  Tendon  (H).— Remove  the  skin  from  the  tail  of 
a  young  rat,  cut  out  a  piece  of  the  tail  a  quarter  of  an  inch  in 
length  with  its  tendons,  and  subject  it  to  the  gold  chloride  process 
(P-°79)-  When,  after  reduction,  it  has  become  purple  or  brownish, 
decalcify  the  bone,  harden  it  in  alcohol,  and  make  transverse 
sections.    Mount  one  in  balsam. 

(a.)  Many  tissues  will  be  seen,  including  muscle,  nerve,  fat,  and 
bone.  Neglecting  these,  observe  the  small  roimded  areas  at  the 
circumference,  the  transverse  sections  of  the  small  tendons,  each 
surrounded  by  its  own  sheath  of  connective  tissue  (fig.  134,  0- 
each  observe  the  branched  stellate  spaces  (fig.  134,  frequently 
anastomosing  with  each  other.    These  interfascicular  spaces  are 


riG  134.— T.S.  of  a  small  Ten- 
don, Tail  of  Rat.  t.  Sheath ; 
c.  Interfascicular  spaces 
with  tendon -cells.  Gold 
chloride. 


Fig.  135.— Layer  of  Endo- 
thelial CeUs  on  the  Sur- 
face of  a  Tendon,  Tail  of 
Kat.   Silver  nitrate. 


purplish  in  colour;  they  contain  the  tendon-ceUs,  and  also  a 
purpHsh  deposit  due  to  the  gold  chloride  acting  on  the  Ijnuph  which 
they  contam  in  the  fresh  condition. 

6  Endothelial  Sheath  of  Tendon  (L  and  H).— Silver  a  leash  ot 
the  fine  tendons  from  the  tail  of  a  rat.  Moimt  a  short  length  ot 
one  of  them  in  balsam.  j  j. 

(a  )  Observe  the  tendon  made  up  of  parallel  fibres,  and  note  on 
their  surface  a  single  layer  of  endothelium.  The  squames  are  large, 
polygonal,  and  mapped  out  by  "silver  lines,"  but  no  nuclei  are 

^  T^^Fresh  Tendons  and  Acid  Logwood  (H).— Place  three  or  four 
tendons  (rat's)  inch  long,  on  a  dry  slide,  and  fix  their  ends  with 
paraffin,  so  as  to  keep  them  extended.  Make  a  solution  of  acid 
locrwood  by  adding  one  part  of  1  per  cent,  glacial  acetic  acid  to 
three  parts  of  logwood  solution.  This  solution  is  red.  Pl^ce  a 
drop  of  it  on  a  cover-glass,  and  lay  it  on  the  tendons  The  ac,d 
brings  into  view  rows  of  narrow,  granular,  nucleated  cells  between 
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the  fibres  of  the  tendon,  while  at  the  same  time  the  logwood  stains 
them.  Instead  of  acid  logwood  use  picro-carmine  or  acid  hsema- 
toxylin  (p.  69).  Displace  the  dye  with  water  and  mount  in 
glycerine.  The  tendons  are  purposely  taken  longer  than  the 
breadth  of  the  cover-glass,  so  that  they  may  remain  stretched. 

8.  Fresh  Tendon.— On  a  black  surface,  tease  in  normal  saline  a 
small  piece  of  any  tendon  of  a  calf.  Observe  the  fibres  and  fibrils, 
but  no  cells  are  visible.  Irrigate  the  preparation  with  2  per  cent, 
acetic  acid.  The  mass  becomes  clear  and  transparent  to  the  naked 
eye,  and  now  under  the  microscope  one  sees  the  fusiform  nucleated 
cells  singly  or  in  line  in  order  between  the  swoUen-up  fibres.  The 
preparation  may  be  stained  with  magenta,  which  brings  into  clearer 
view  the  cells,  and  any  elastic  fibres  present, 
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9.  Tendon  of  Tiat  {Dogiel's  3£et7iod). — Very  good  preparations  are  obtained 
by  placing  the  fresh  tendons  for  several  days — the  longer  the  better— ia 
Grenacher's  alum-carmine  (p.  65).  This  fluid  stains  but  slowly.  The  cells, 
however,  are  stained,  and  if  a  tendon  be  teased,  isolated  cells,  and  cells  on  the 
fibres  are  easily  seen.  It  is  a  good  method  for  showing  the  relations  of  the 
cells  to  the  fibres. 

10.  T.S.  Tail  of  Eat  {Corrosive  Sublimate  mid  Borax-Carmine). — Harden  • 
short  lengths  of  the  tail  of  a  rat,  the  skin  being  first  removed,  in  corrosive 
sublimate  for  three  hours  or  so.  Remove  every  trace  of  the  mercuric  salt 
by  prolonged  washing  in  alcohol.  Stain  the  tissue  in  bulk  in  borax-car- 
mine, and  then  decalcify  it  in  dilute  hydrochloric  acid.  Make  transverse 
sections,  after  embedding  it  by  the  interstitial  method  in  paraffin.  Sections 
may  also  be  made  by  freezing,  but  they  are  apt 
to  fall  asunder.  This  method  also  yields 
beautiful  preparations,  comparable  to  those  by 
the  gold  chloride  methods.  The  transverse 
sections  of  the  tendons  are  very  characteristic. 

11.  Dried  Rat's  Tendons. — A  very  convenient 
method  is  to  dry  the  tendons  of  a  rat's  tail, 
keeping  them  extended  during  the  process. 
After  drying,  they  can  then  be  used  at  any 
time.  By  acting  on  them  with  dilute  acetic 
acid  they  swell  up  slowly,  and  the  rows  of  cells 
are  thereby  revealed.  The  cells— after  washing 
away  the  acetic  acid— can  be  stained  with  picro- 
carmine,  and  the  preparation  mounted  in  dilute 
glycerine. 

12.  Cell-Spaces '(fe/zI-CanaZc/iCJi)  in  Central 
Tendon  {Silver  Method). -Fluc.e  the  central 
tendon  or  the  whole  diaphragm  for  five  minutes 
in  a  J  per  cent,  silver  nitrate.  Remove  it,  and 
with  a  camel's-hair  pencil  brush  both  surfaces 
of  the  tendon  to  remove  the  endothelium.  Replace  it  in  the  silver  solution 
for  fifteen  mmutes.    Remove  it ;  wash  it  in  water,  and  expose  it  to  light  to 


Fig.  136.— Cell-Spaces  in  tlie  Cen- 
ti'nl  Tendon  o£  the  Diaphragm 
of  Rabhit.  I  Lymphatic ;  s. 
Cell-spaces.   Silver  nitrate. 
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reduce  the  silver.  One  piece  may  be  mounted  in  balsam  ;  another  piece  should 
be  stained  with  acid  logwood  or  picro-lithium  carmine  (in  this  case  use  dilute 
hydrochloric  acid),  and  mounted  in  balsam. 

(a.)  Observe  a  large  number  of  clear,  branched  anastomosing  spaces,  sur- 
rounded by  brown  areas  of  ground-substance.  The  former  are  the  cell-spaces 
and  Saft-Canalclien,  or  juice-canals,  and  some  of  the  latter  may  be  seen  to 
communicate  with  the  lymphatics  (fig.  136). 

(i.)  In  the  stained  specimen,  stained  nuclei  are  seen  in  the  spaces,  i.e.,  the 
nuclei  of  the  cells  which  occupy  these  spaces. 

13.  CeU-Spaces  {Iron  Sulphate  Ifethod}.— Using  the  fresh  central  tendon  of 
the  diaphragm  of  a  mouse  or  guinea-pig  or  rat,  place  it  for  a  few  minutes  in  i  per 
cent,  sulphate  of  iron.  Pencil  away  the  surface  endothelium,  and  leave  it  in 
the  iron  solution  for  five  to  seven  minutes.  Remove  it,  wash  it,  and  place  it 
in  I  per  cent,  ferricyanide  of  potash,  in  which  it  becomes  blue.  Mount  it  in 
Farrant's  solution  or  balsam.  In  this  preparation  the  cell-spaces  and  juice- 
canals  are  again  clear,  but  the  ground-substance  is  blue. 

14.  Cell-Spaces  in  Rat's  Tendon.— The  fine  tendons  are  placed  in  silver 
nitrate  (J  per  cent.)  for  two  minutes,  and  then  the  epithelium  is  brushed  off 
by  a  camel's-hair  pencil.  Five  or  six  sweeps  of  the  brush  usually  suffice.  The 
tendons  are  stained  for  other  ten  minutes  in  silver,  washed,  and  exposed  to 
light  in  alcohol.  Rows  of  clear,  somewhat  quadrangular  spaces  in  a  brownish 
matrix  are  obtained. 


LESSON  XII. 

ADIPOSE,  MUCOUS,  AND  ADENOID  TISSUES- 
PIGMENT  CELLS. 

ADIPOSE  TISSUE  (FATTY  TISSUE). 

Adipose  Tissue. — A  fat-cell  consists  of  a  membrane  enclosing  a 
globule  of  oil,  which  pushes  the  oval  flattened  nucleus  (surrounded 
by  a  small  amount  of  protoplasm)  to  one  side,  so  that  it  lies  close 
under  the  cell- wall.    Size,  40  /a  to  80     (ew--3W  iiich). 

Fat-cells  are  arranged  in  groups,  which  form  lobules,  and  these 
again  form  lobes.  Each  lobule  has  an  aflferent  artery,  one  or  two 
efferent  veins,  and  a  dense  network  of  capillaries  between  the  fat- 
cells,  each  capillary  surrounding  one  or  more  fat-cells. 

It  is  to  be  remembered  that  cells  in  connective  tissue  containing 
fat  may  have  a  two-fold  origin.  Fat  may  be  formed  in  ordinary 
connective-tissue  cells,  but  there  are  other  ceUs  of  a  connective- 
tissue  nature,  which  seem  to  be  more  specificaUy  fat-cells.  During 
development  this  tissue  is  formed  at  certain  parts,  e.g.,  in  the  groin, 
axilla,  and  neck,  and  presents  a  grayish-yellow  appearance  m  the 
form  of  lobules,  surrounded  by  connective-tissue— readily  seen 
in  a  young  animal.     The  cells  at  first  contain  granules.  The 
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gland 


lobules,  and  are  supplied 
is 


fat-cells  derived  from  this  tissue  form 
•with  blood-vessels  very  much  as  a 
supplied  with  blood ;  so  that  each  lobule  is 
provided  with  an  artery,  vein,  and  capillaries. 

1.  Fat-Cells. — Cut  out  a  small  piece  of  the 
omentum  of  a  cat,  selecting  a  piece  that  con- 
tains a  little  fat,  and  mount  it  in  normal  saline. 

(rt.)  (L)  Observe  the  large,  highly  refractive 
fat-cells  arranged  singly  or  in  groups  (fig.  137). 

(b.)  (H)  The  large  fat-cells  of  variable  size 
— some  of  them  polygonal — highly  refractive 
contents,  but  no  nucleus  visible ;  connective 
tissue  passing  between  some  of  the  cells. 

2.  Action  of  Osmic  Acid  (H). — Place  a  small  part  of  the  omen- 
tum of  a  cat  or  embryo 


Fig.  137.— Fat-Cells,  some 
showing  a  Nucleus. 
The  central  one  shows 
crystals  of  margarine, 

X  100. 


OX  m  ^  per  cent,  osmic 
acid  for  an  hour.  Wash 
it  thoroughly,  and  mount 
in  Farrant's  solution. 

(a.)  (L)  Observe  the 
fat-cells,  which  first  be- 
come brown  and  ulti- 
mately quite  black.  The 
fat-cells  are  in  groups, 
and  their  relations  to  the 
blood-vessels  can  also  be 
seen  in  fig.  138. 

3.  Membrane  and 
Nucleus  of  Fat-Cells 
(H). — Place  a  piece  of 
the  omentum  or  subcu- 
taneous adipose  tissue 
in  absolute  alcohol  for 
several  days,  and  after- 
wards in  ether  for  a  day 
or  two ;  or  the  tissue 
may  be  boiled  for  a  few 
minutes  first  in  alcohol 
and  then  in  ether. 
Transfer  a  small  piece 
to  hsematoxylin  and 
allow  it  to  stain  for 
several  hours.  Wash  it 
in  water  and  place  it  in 
absolute  alcohol.  Extract  it  with  turpentine,  clear  it  up  with  clove- 
oil,  and  mount  it  in  balsam. 


A 


B 


ma.  138.— Fat-Cells  stained  with  Osmic  Acid  from  the 
Omentum  of  an  Embryo  Ox.  A.  The  fat-colls  in 
groups  or  lobules,  blackened  by  the  osmic  acid,  and 
showing  their  relation  to  the  blood-vessels ;  J3.  a-e 
fat-cells  in  different  stages  of  development. 
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(a.)  Observe  the  collapsed  membrane  of  the  fat-cells,  with  a  small 
oval  blue-stained  nucleus  immediately  under  the  cell-wall.  A  small 
quantity  of  protoplasm  surrounding  the  nucleus  may  be  visible. 

4.  Or  harden  a  small  piece  of  the  omentmn  of  a  rat  or  other 
animal  in  absolute  alcohol.  Select  a  piece  which  contains  some  fat. 
Stain  it  for  twenty  minutes  in  lithium-carmine,  then  place  it  in  acid 
alcohol  (i  per  cent,  hydrochloric  acid  in  70  per  cent,  alcohol)  ; 
place  it  in  absolute  alcohol ;  clear  it  up  with  clove-oil  or  xylol,  and 
mount  in  Canada  balsam. 

(a.)  Observe  the  envelopes  of  the  fat-cells  and  the  nuclei  of  the 
fat-ceUs,  the  latter  stained  bright  red  (fig.  139).  Other  red-stained 
nuclei  are  visible,  but  they  are  the  nuclei  of  blood-capillaries  between 
the  fat-cells. 

5.  Margarine  Crystals  (H). — Place  a  small  piece  of  fat  for  forty- 
eight  hours  in  glycerine.    Tease  a  piece  in  Farrant's  solution. 

(a.)  Notice  the  large  cells,  some  of  them  with  granular  contents. 


others  with  a  stellate  arrangement  of  needle-shaped  crystals  of 
margarine  (figs.  1 3  7  and  1 40).  If  the  star  of  crystals— really  palmitic 
and  stearic  acids— be  broken  up,  then  the  needle-shaped  crystals  are 
distributed  throughout  the  cell. 

6.  Blood-Vessels  of  Adipose  Tissue  (L  and  H).— Make  a  rather 
thick  section  of  a  mass  of  adipose  tissue  in  which  the  blood-vessels 
have  been  injected.  This  can  be  done  by  injecting  the  blood-vessels 
of  a  rabbit  with  a  carmine-gelatine  mass.  As  the  fat  is  very  soft,  the 
best  method  of  obtaining  such  sections  is  to  saturate  the  tissue  with 
paraffin  and  cut  it  in  paraffin.  Mount  sections— not  too  thin- in 
balsam.  A  section  which  has  been  saturated  with  paraffin  and  cut 
in  this  substance  must  have  the  paraffin  removed  by  soaking  m 


Fia.  140.— Fat-Cells  containing  Crystals  of 
Margarine. 
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tm-pentine  or  xylol,  which  dissolves  out  the  paraffin  ;  the  section  is 
afterwards  mounted  in  balsam. 

(L)  Observe  the  very  vascular  small  lohules,  composed  of  fat-cells. 
To  each  lobule  there  passes  one  artery,  and  from  it  emerge  one  or 
two  veins. 

(H)  Observe  the  loop  of  capillaries  rotmd  each  fat-cell  or  around 
several  fat-cells. 

7.  Development  of  Fat-Cells. — These  may  be  studied  in  'the 
subcutaneous  tissue  of  a  newly-born  rat,  or  in  the  omentum  of  a 
newly-born  rabbit.  Stain  a  small 
piece  of  any  of  these  tissues  in  osmic 
acid. 

(a.)  (L)  Observe  the  fat-cells  in 
groups  surrounded  by  connective 
tissue. 

(&.)  (H)  Observe  the  shape  of  the 
cells,  with  small  globules  of  oil — 
black  —  scattered  throughout  the 
protoplasm,  the  nucleus  pushed  to 
one  side  in  the  more  developed  fatty 
cells  by  a  globule  of  oil,  which  is 
stained  black  (figs.  138,  141). 

8.  Atrophic  Fat-Cells. — These  are 
readily   obtained  from   the  yellow 
bone-marrow  of  an  old  person  Avho  has  died  from 
disease,  or  from  the  sub-pericardial  fat  of  a  person  who  has  died 
from  phthisis. 

( H )  Observe  the  envelope  of  the  fat-cell,  now  no  longer  completely 
filled  with  fat,  but  containing  a  little  protoplasm  and  some  serous 
fluid. 

9.  Injection  Method. — By  means  of  a  hypodermic  syringe,  inject 
under  the  skin  of  a  dog  or  cat  silver  nitrate  (i  in  1000),  which 
causes  a  local  oedema  and  isolates  the  elements  of  the  areolar  tissue, 
including  the  fat-cells  {Ranvier). 


Fig.  141. — Developing  Fat-Cells  from 
the  Subcutaneous  Tissue  of  a 
Fcetus.   Osmio  acid. 


some  wasting 


MUCOUS  TISSUE. 

Mucous  Tissue.— In  the  embryo  it  exists  under  the  skin  ;  it 
forms  Wharton's  jelly  of  the  umbilical  cord,  and  in  the  adult  it  forms 
the  vitreous  humour.    It  is  essentially  an  embryonic  tissue. 

10.  Mucous  Tissue  (H).— Harden  the  umbilical  cord  of  a  three- 
months  foetus  in  Muller's  fluid  and  then  in  alcohol.  Make  trans- 
verse sections  by  freezing,  and  stain  them  in  picro-carmine  or 
hsematoxylin  or  gentian-violet.    Mount  in  Farrant's  solution. 

(a.)  Observe  the  large,  branched,  granular,  nucleated  cells,  which 
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anastomose  with  eacli  other.  Between  the  cells  is  a  fluid  which 
contains  mucin,  and  according  to  the  stage  of  development  of  the  cord, 
there  is  a  greater  or  less  number  of  fibres.    The  older  the  cord,  the 

more  the  fibres  increase  in  num- 
ber, and  its  characters  approach 
those  of  ordinary  connective- 
tissue.  A  better  view  of  the 
finer  processes  is  obtained  by 
examining  the  tissue  in  normal 
saline  (fig.  142). 
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F16.  142.— ilucous  Tissue  of  Umbilical  Cord 
of  Foetus.  MuUer's  fluid  and  logwood,  x 
300. 


Adenoid,  Retiform,  or 
ticular  Tissue  consists  of  a  re- 
ticulum or  network  of  fine  fibrils, 
which  run  in  all  directions, 
forming  a  meshwork  in  several 
planes.  Some  regard  it  as  made 
up  of  branched  corpuscles,  the  processes  of  which  anastomose. 
In  the  meshes  are  leucocytes  or  lymph-cells,  which  usually  occur 
in  such  numbers  as  to  obscure  the  presence  of  the  fine  meshwork 
in  which  they  lie. 

It  is  very  widely  distributed,  e.g.,  in  lymphatic  glands,  simple 
and  compound,  tonsils,  solitary  glands,  and  Peyer's  glands ;  in  the 
bronchial,  pharyngeal,  nasal,  intestinal  mucous  membrane,  spleen, 
thymus,  and  a  few  other  situations. 

11.  Adenoid  Tissue  of  Lymphatic  Glands.— This  may  be  pre- 
pared in  several  ways. 

(i.)  Harden  an  abdominal  lymphatic  gland  of  a  calf  or  kitten  for 
two  weeks  in  Miiller's  fluid.  Make  sections,  and  shake  up  one  m  a 
tesUube  with  some  water  ;  this  dislodges  the  lymph  corpuscles,  and 
in  places  leaves  the  fine  reticulum  visible. 

(ii.)  A  better  plan  is  to  inject  into  a  fresh  lymph  gland  &  \  per 
cent,  solution  of  osmic  acid,  or  J  per  cent,  solution  of  silver  nitrate. 
In  either  case  an  oedema  is' produced  which  separates  the  parts  and 
reveals  the  network.  The  injection  is  made  by  means  of  a  hypo- 
dermic syringe  (fig.  126).  The  syringe  is  filled  with  the  solution,  and 
the  sharp  nozzle  is  thrust  into  the  gland,  and  the  contents  of  the 
syringe  rapidly  injected  haphazard  into  the  organ.  It  passes  m,  and 
forms,  as  it  were,  an  oedema,  and  separates,  and  at  the  same  time 
hardens,  the  constituent  parts  of  the  organ.  This  is  the  method  of 
interstitial  injection,  one  which  is  frequently  employed.  _  _ 
(iii )  The  gland  may  be  hardened  for  twenty-four  hours  m  picric 
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acid,  and  the  sections  stained  with  eosin-hsmatoxylin  and  mounted 
in  balsam. 

(H)  Observe  some  parts  crowded  with  lymph  corpuscles,  but  where 
these  are  wanting,  note  the  very  fine  network  of  fibres,  with  nuclei 
here  and  there  at  the  points  of  intersection  (fig.  143). 

The  lymph  corpuscles  may  be  got  rid  of  by  applying  to  a  fresh 
preparation  a  dilute  solution  of  caustic  potash  which  dissolves  them. 

12.  Pigment-Cells  and  Guanin-Cells. — These  may  be  studied 
by  pinning  out  on  a  frog-board  one  of  the  webs  between  the  toes  of 
a  frog  (Lesson  XIX.  11,  e). 

(a.)  (L  and  H)  Observe  large,  branched,  corpuscles  loaded  with 


Branched 
corpuscles. 


'Network. 


leucocytes. 


Fig.  143. — Adenoid  Tissue.    Human  lympliatic 
gland.  Picric  acid  and  eosin-hsomatoxylin. 


Fig.  144.— Pigment  and  Guauin-Cells  of 
Frog.  A.  Contracted ;  B,  C.  PartiaUy 
relaxed  pigment-cells.  G.  Guanin 
cells. 


black  granules  of  melanin  (fig.  144,  B),  also  smaller  black  spots, 
which  are  cells  with  their  processes  retracted.  Every  intermediate 
stage  between  these  two  states  may  be  seen. 

A  permanent  preparation  is  readily  made  by  stripping  off  the  skin 
from  the  web  of  the  toe  of  a  dead  frog,  hardening  it  in  alcohol,  and 
mounting  in  balsam.  The  web  should  be  fixed  in  an  extended 
position  before  it  is  placed  in  the  alcohol. 

In  such  a  preparation,  not  only  will -pigment-cells  be  found,  but 
guanin-cells  also,  i.e.,  small  oval  cells  filled  with  white  refractive 
granules  of  guanin  (fig.  144,  G).  To  see  the  guanin-cells  turn  off 
the  light  reflection  from  the  mirror,  when  the  granules  in  the  guanin- 
cells  will  appear  bright  and  refractile  on  a  black  ground. 

For  pigmented  connective-tissue  corpuscles  from  the  choroid,  see 
Lesson  on  Eye. 
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ADDITIONAL  EXERCISE. 

13.  Mucous  Tissue. — Many  branched  cells  are  seen  in  a  T.S.  of  the  tail  of  a 
tadpole,  young  triton,  or  salamander,  hardened  in  i  per  cent,  osmic  acid  and 
cut  in  paraffin. 

It  is  also  to  be  found  under  the  skin  of  the  flanks  in  frogs  at  the  breeding 
season.  It  gives  good  preparations  when  stained  with  methyl-violet-5B 
{S.  Mayer). 


LESSON  XIII. 

BONE,  OSSEOUS  TISSUE,  &c. 

The  essential  elements  of  osseous  tissue,  of  which  bone  consists, 
are  a  calcified  fibrous  matrix  or  ground-substance,  with  cells  or 
hone-corpuscles  embedded  in  it;  the  latter  are  lodged  in  spaces 
called  lacuna}.  A  bone,  however,  is  a  complex  organ.  The  follow- 
ing scheme  may  facilitate  the  comprehension  of  its  minute 
structure : — 

BONE. 

In  a  longitudinal  section  of  a  long  bone,  observe  with  the  naked 
eye — 

Periosteim  covering  the  bone. 

Compact  or  dense  bone,  the  substantia  dura  (with  Haversian 
canals). 

Cancellated  or  spongy  bone,  the  substantia  spongiosa  (with 

Haversian  spaces  and  canceUi). 
Medullary  cavity  with  marrow. 
Histologically  dry  compact  bone  shows — 
C  Peripheric  or  circumferential. 
■J-      jj   I  Haversian  or  concentric. 
Lamella} -'  intermediary,  interstitial  or  ground. 
[PerimeduUary. 

Sharpey's  perforating  fibres  |  yg^fg^^ 

Haversian  System. 
Dry  bone.  Recent  hone. 


Haversian  canal . 

lamellse 


Lacunse 
CanalicuU 


j  Blood-vessels,  connective  tissue, 
1     lymphatics,  osteoblasts, 
j  Between  the  lamellae,  branched 
\  bone-corpuscles. 
(  Processes    of  bone-corpuscles 
(     and  lymph. 
Lymph. 
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c  I.  External  layer,  fibrous,  with  the  larger  bloocl- 
j  vessels. 

Periosteum  \  2.  Internal  or  osteogenic  layer,  with  finer  blood- 

I         vessels,  numerous  elastic  fibres,  and  osteo- 

blasts,  and  sometimes  osteoclasts. 

Osteoclasts  or  myeloplaxes  of  Robin. 

Blood-vessels,  nerves,  and  lymphatics. 

n    7        ^  f  I.  Endochondral  in  cartilage. 
JJevelopment  {      -r  i.  x,  •   x  i 

^        \  2.  intra-membranous  or  periosteal. 


1.  T.S.  of  Dense  or  Compact 
Bone. — It  is  better  to  buy  a  pre- 
pared transverse  section  of  the 
shaft  of  a  small,  dry,  long  bone. 
In  it  most  of  the  smaller  spaces, 
being  filled  with  air,  appear 
black. 

(a.)  (L)  Observe  the  medvillary 
cavity,  bounded  by  a  ring  of  bone, 
less  dense  internally. 

(6.)  Sections  of  tubes  which 
appear  round,  or  oval — Haver- 
sian canals — surrounded  by  con- 
centric lamellse  (fig.  145,  c),  and 
between  these  lamellse  are  lacunae 
(e),  with  fine  channels  passing 
from  them — the  canaliculi.  Some 
lameUse  are  arranged  parallel  to 
the  circumference  of  the  bone — 
the  peripheric  (a) — while  others 
of  larger  radius  are  incomplete, 
and  jammed  in  between  the 
Haversian  system :  they  are  inter- 
mediary {d).  Around  the  medul- 
lary canal  are  the  perimedullary 
lamellse  {h). 

(c.)  (H)  Observe  the  shape  of 
the  lacunae — fiattened  branched 
spaces  —  with  their  numerous 
wavy  branching  canaliculi,  and 
how  adjoining  canaliculi  anasto- 
mose by  traversing  the  lamellte 
(figs.  145,  147,  e).  At  the  outer 
part  of  each  Haversian  system, 
some  of  the  canaliculi   of  the 


FlQ.  145.— T.S.  Human  Metacarpal  Bone. 
a.  Peripheric  lamella; ;  h.  Perimedullary 
lamellio ;  c.  Haversian  canals  sur- 
rounded by  tlieir  Haversian  lamellic  ; 
d.  Intermediary  laniellre;  c.  Lacuna:, 
X  zo. 
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outermost  row  of  lacunse  will  be  found  to  form  loops  and  open  mto 
the  lacunte  from  which  they  arose :  these  are  recurrent  canaliculi 
(fig.  147,  a).  The  canalicular  system  is  for  the  distribution  of 
lymph  to  all  the  parts  of  the  calcified  fibrous  matrix.  Notice  also 
that  the  intermediary  lamellae  are  parts  of  circles  with  a  much 

larger  radius  than  those 
of  the  Haversian  system. 
Each  Haversian  canal, 
with  its  system  of  lamel- 
Ite,  lacunse,  and  canali- 
culi, forms  a  Haversian 
System.  The  greatest 
diameter  of  the  lacuna3  is 
about  14  (u.  (tfoT)  iich). 


riG  146— T.S.  The  Shaft  of  a  Human  Femur.  H. 
'Haversian  canals ;  s.  Haversian  lamella! ;  si.  In- 
termediary lamella;,  x  40. 


 -T  r-  \i800  ,  ' 

id)  The  lamellae  in  a 
Haversian  system  on 
transverse  section  appear 
as  thin  concentric  bands, 
a  clear  transparent  one 
alternating  with  one  which 
looks  more  granular. 
These  are  not  due  to 
different  kinds  of  lamellse, 
but  in  the  clear  ones  one 

  .  looks  upon  the  long  axis 

of  the  fibrils  composing  the  lameUa,  and  in  the  others  upon  the 
ends  of  the  fibrils. 

2  L  S  of  Dense  Bone,  prepared  m  the  same  way. 
ia  )  (L)  Observe  Haversian  canals  running  chiefly  m  the  long 
axis  of  the  section,  with  here  and  there  oblique,  short  junction 
canals.    Near  the  surfaces  some  open  externally,  and  others  com- 
municate with  the  medullary  cavity.    The  lamelte  of  any  Haver- 
sian system  run  parallel  to  its  own  Haversian  canal     In  tfie 
system  of  canals-^each  20-100      wide-the  canals_  frequently 
divide  dichotomously,  and  ultimately  form  a  network  m  the  com- 
pact bony  substance.  ..1.1  no  +/^ 
(6)  If  the  section  be  near  the  surface  of  the  bone,  so  as  to 
include  the  peripheric  lamella,  canals  for  blood-vessels,  perforatmg 
the  lamell/and  not  surrounded  by  lamell^B  as  m  the  Haversian 
systems,  may  be  seen.    They  are  called  Volkmaim's  cana  s,  and 
contain  the  perforating  vessels.     They  are  connected  with  the 
Haversian  canals  proper.    They  are  well  seen  m  sections  of  Uie 
femur  of  a  guinea-pig,  but,  unlike  Haversian  canals,  they  are  not 
surrounded  by  Haversian  or  concentric  lamellaj. 

1^  {W)  Observe  the  flattened  oval  lacuneB  with  their  canalicuh ; 
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their  arrangement,  as  well  as  that  of  the  lamellae  (fig.  148).  If  a 
canal  be  viewed  carefully  many  fine  dots  will  be  seen  in  it.  These 
are  the  openings  of  the  canaliculi. 

3.  T.S.  Decalcified  Shaft  of  a  Bone. — The  bone,  cut  into  short 
lengths,  must  be  decalcified  in  picric  acid  or  chromic  and  nitric 
fluid,  with  the  precautions  laid  down  at  p.  38.    When  sufficiently 


oiiaipcj' s  uuiBs,  11;  p.  jjarge  nores  ot  snarpey  in  inter- 
mediary laraelliB  ;  I.  Confluent  lacuna;.  These  Ranvier 
supposes  are  bone-corpuscles  and  lacuna:  unilergoinE 
atrophy,  x  300.  °  " 


soft— ascertained  by  pricking  it  with  a  pin— it  is  hardened  in 
alcohol  in  the  usual  way.    Sections  are  best  made  by  freezing. 
_  (1.)  Stain  a  section  in  picro-carmine  and  mount  it  in  glycerine- 
jeUy.    Glycerine  or  Farrant's  solution  tends  to  make  the  prepara- 
tion rather  too  transparent. 

(ii.)  Place  some  sections  in  i  per  cent,  osmic  acid  for  twenty-four 
nours  and  mount  them  in  glycerine-jelly. 

nrli""^  ik^  .P^r''^  ^^'^  periosteum  (fig.  149),  embracing  and 
adherent  to  the  bone.  In  the  bone  itself  the  lacuna,  and  especially 
the  canalicul.  are  no  longer  black,  and  are  not  so  visible  as  in  the 
non-decalcified  bone.  Each  lacuna  contains  a  highly  refractive, 
branched,  nucleated,  and  stained  corpuscle 
Bone.Corpuscles.-Observe  their  arrangement  following  that  of 
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the  lamellse,  but  the  latter  are  not  so  distinct  as  in  dry  bone. 
Several  lamella  lie  between  two  consecutive  rows  of  bone-corpuscles. 
The  Haversian  canals  contain  blood-vessels,  connective  tissue,  and 
other  cells,  or  osteoblasts. 

(b.)  (H)  The  periosteum  consists  of  an  external  layer  stained 
red,  and  composed  chiefly  of  white  fibrous  tissue.  Attached  to  it 
may  be  found  small  fragments  of  striped  muscle.  The  internal 
layer  contains  many  elastic  fibres,  and,  especiaUy  in  young  bones, 
there  may  be  seen  one  layer  or  more  of  flattened  or  cubical  cells, 

Periosteum. 
Peripheric  lamella. 
Haversian 
canals. 

Haversian 
lamellee. 


Interstitial  lamellae 


PerimeduUary 
lamella;. 


Marrow. 


witli 


called  osteoblasts  (fig.  156,  c).  The  latter  ^^^f^^^^^  jj^'J^^^^ 
tinder  the  periosteum,  but  also  passing  along  with  blood-vessels  into 

m;\Tstn  passing  from  tl^e  de^^^^^^^^^^^^^  P^^^ 
teum  into  the  bone-the  perforating  fibres  of  Sharply 

(c.)  Observe  the  lameUse,  but  their  ^^^thne  is  no  ve^y  d^^^^^^^ 

W  rSekct  a  large  Haversian  canal  and  stndy  «o->t«"t- 
thf  iJreLce  of  an  art.,  and  vein  -^J^^^r  — 
cavity  hned  by  osteoblasts  (fag.  150,  uoi.;,  luiu. 

"VperCiin7piSe\-(i.)  »  >"en,taane  bone  of  the 
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Fig  150.— T.S.  of  a  large  Haversian  Canal  with  its 
Soft  Parts.  Femur  of  a  Dng,  x  130.  A.  Artery  ; 
V  Vein;  Kz.  Bone-cells;  M.  Medullary  tissue  ; 
Obi.  Osteoblast ;  Okl.  Osteoclast. 


and  from  which  the  acid  has  been  removed  by  steeping  in  water, 
and  subsequently  in  spirit)  with  forceps  remove  the  periosteum,  and 

tear  off  a  thin  lamella  of 

osseous  tissue.     Place  its 

under-surface  uppermost  on 

a  slide   in  water  or  v. 

Ebner's  fluid. 

(H)  Observe  fine  tapering 

fibres  like  nails — perforat- 
ing fibres — projecting  from 

the  surface.  Some  aper- 
tures may  be  found  from 

which  corresponding  fibres 

have  been  withdrawn, 
(ii.)  These  are  far  better 

developed  in  the  bones  of 

the  skull  of  birds.  Soften 

the  vault  of  the  skull  of  a 

fowl  in  V.  Ebner's  fluid  and  harden  in  alcohol.    Make  not  too  thin 

sections,  and  with  needles  tear  the  lamelte  asunder.    Examine  it 

in  V.  Ebner's  fluid.    Or  make  sections  of  a  human  frontal  bone 
iu^iT""  hydrochloric  acid,  and  examine  it  in  water 

(H)  mimerous  perforating  fibres  passing  between  the  separated 

lamellae,  and,  it  may  be,  the  sockets  from  which  they  have  been 

withdrawn,  will  be  seen  (fig. 

151).  In  some  of  the  sections 
branched  perforating  fibres  are 
visible.  The  important  point 
is  to  make  the  sections  as 
nearly  as  possible  parallel  to 
the  course  of  the  fibres.  The 
preparation  is  apt  to  be  made 
too  transparent  by  Farrant's 
solution,  so  that  the  fibres  are 
not  so  distinctly  seen  in  this 
medium  as  in  water  or  v 

InfecflTth'lTM  °'         (Lj-These  are  not  easily  injected. 

the  injection  flu  d  mentioned  at  n  i8i     Tf  .y^  "f 

Dressurp  tn  Pnnco  fi       ...     ^'\P-  '"I-    -l-t  requires  considerable 

Therefore  'Z^^^  "T'^'""  ^''^''^^  ^^'^  Wood-vessels  of  bone, 
inicttn  mtr^  1  f P™^^^^  the  exit  of  the 
injection  mass.    Decalcify  the  injected  bone,  and  afterwards  make 


Fig. 


I5I.— Sharpey's  Perforating  Fibres. 
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T.S.  and  L.S.    The  sections,  however,  must  not  be  too  thin.  L.S. 
are  the  most  instructive,  and  are  mounted  in  glycerine-jelly. 

(a.)  Observe  that  the  blood- 
vessels lie  in  the  Haversian 
canals,  and  follow  the  arrange- 
ment of  the  latter  (fig.  152). 
If  the  marrow  of  the  bone  be 
preserved,  fine  blood-vessels 
may  be  seen  in  it.  Perhaps 
"perforating  vessels"  lying  in 
VoUonann's  canals  may  be 
noticed,  especially  in  transverse 
sections. 

6.  Cancellated  Bone  (L  and 
H). — In  the  vertical  section  of 
the  head  of  a  long  bone  showing 
articular  cartilage  a  view  of  the 
open  lattice-work  will  be  ob- 
tained (Lesson  XIV.  3).  Or  a 
T.S.  may  be  made  across  the 
head  of  a  long  bone,  e.g.,  a 
femur,  preferably  of  a  young 
animal  Stain  a  section  in 
hsematoxyUn,  picro-carmine,  or 
eosin-logwood,  and  mount  it  in 
glycerine-jelly. 

(a.)  (L)  Note  the  network  of 
osseous  trabeculge  (fig.  153)  bounding  the  spaces  or  canceUi  In 
the  latter  lies  red  marrow,  and  on  their  walls  are  osteoblasts,  in 

the  centre  of  some  of  the 
-^^^  trabeculse  may  be  seen  a 
deeper  stained  irregular  bar, 
the  remains  of  calcified  carti- 
lage (fig.  153,  CC).  On  the 
calcified  cartilage  is  deposited 
osseous  tissue. 

(b.)  (H)  In  each  trabecula 
note  the  fibrous  matrix  and 
the  bone-corpuscles.    In  the 
interior  of  some  of  the  tra- 
Fio       -Cancellated  Bone.    c.  CanceiluB;  beculfe   the  remains  of  un- 

T.  Trabecula;  CC.  Calcilled  cartilage;  B,  absorbed  calcified  cartilage. 
Bone;  0.  osteoblast.  ^^^^    ^^^^  ^.j^^  ^gg^O^S 

tissue  with  spherical  bulgings  advances  upon  the  calcified  cartilage. 
By  carefully  shading  the  light,  it  will  be  seen  that  a  more  or  less 


Fig.  152.— L.S.  Injected  Bone.   P.  Perioa- 
•  teum  ;  B.  Bone ;  V.  Blood-vessels. 
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spherical  mass  of  osseous  tissue  surrounds,  and  in  fact  is  formed  by, 
each  bone-corpuscle  (fig.  154).  There  are  thus  spherical  masses — 
cell-territories,  as  it  were 
— and  in  the  centre  of 
each  a  bone-corpuscle. 

7.  Fibrillar  Structure 
of  Lamellae  (H). — De- 
calcify a  bone  in  v.  Ebner's 
fluid  (10-15  cent,  sodic 
chloride  and  1-3  per  cent, 
hydrochloric  acid).  Either 
this  fluid  or  that  given  at 
p.  3  7  may  be  used.  Scrape  fiq.  154-— small  Part  of  Kg.  153,  x  300.  cc.  Calcined 

off    a    thin    lamella    and        cartUage;  B.  Bone;  0.  Osteoblast;  Ba 

examine  it  in  water. 

(H)  Observe  the  fibres  of  which  it  consists.  They  are  com- 
posed of  fibrils  arranged  in  bundles.  They  are  best  seen  near 
the  edge.  Fibres  in  different  planes  cross  each  other  at  a  right 
or  obtuse  angle. 


ADDITIONAL  EXERCISES. 

8.  Blood- Vessels  of  Bone.— These  may  be  injected  from  the  descending 
aorta  of  a  rabbit  with  a  saturated  and  filtered  watery  solution  of  Briicke's 
Berlin  blue.  One  must  remember  that  the  injection  often  fails.  Inject  from 
the  abdominal  aorta,  after  a  time  using  pretty  high  pressure.  It  is  well 
to  ligature  the  inferior  vena  cava  after  some  injection  has  flowed  from  it. 
Decalcify  the  bone  in  chromic  acid.  The  sections  may  be  stained  with  verv 
dilute  fuchsin. 

9.  Decalcified  Bone. -Make  a  T.S.  of  dense  bone-rather  a  thick  section - 
steep  it  ID  alcohol,  transfer  it  to  a  slide,  and  mount  it  in  glycerine-ielly  or  in 
a  morsel  of  dry  Canada  balsam.  In  the  latter  case  the  slide  must  be  heated 
to  melt  the  balsam.  Examine  it  at  once,  when  the  lacunse  and  canaliculi  will 
be  seen  black  on  a  c  ear  ground.  They  still  contain  air,  hence  their  black 
appearance  Gradually,  however,  the  jelly  penetrates  into  the  canalicular 
system,  and  this  characteristic  appearance  vanishes,  but  it  is  an  instructive 
tZ'T^  •!;  '*F^?"*f  .to  perform  this  experiment.  Afterwards  the  lamellre 
remain  quite  distinct  in  the  preparation,  there  are  also  faint  indications  of  the 

Cdillfl  Lieu  111 

nf\hp'^r<>'''f  ^^^l^*— Examine  a  non.decalcified  transverse  section 

m^aU  7r.  l    ^  ^"^T  ^u"'  in  polarised  light  (Lesson  XVI.  16).    When  the 
wH?e  thP  Wll  '  '='^'=l\H^^-«'-s'f>Vystem  has  a  bright  cross  on  a  dark  ground, 
n  rwS.%i  ?  alternately  bnght  and  dark.    The  crosses  are  aTso  seen 

of  the  bone  '  '°  by  the  organic  basis  or  ossein 
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LESSON  XIV. 

BONE  AND  ITS  DEVELOPMENT. 

Bone  is  developed  either  in  connection  with  cartilage  or  membrane. 
The  former  is  called  endochondral  and  the  latter  intramem- 
branous  ossification.  With  the  exception  of  a  part  of  the  skull — 
its  sides  and  vault — and  nearly  all  the  facial  bones,  all  the  bones 
are  laid  down  in  hyaline  cartilage. 

1.  Development  of  Bone — T.S.  of  Foetal  Bone. — Decalcify  the 
shaft  of  the  femur  or  other  long  bone,  e.g.,  the  radius  and  uhia, 


7nc 


FIQ.  155.-T.S.  Eadius  and  Ulna  of  an  Embryo  Dog.  I.  Interosseous  ligament ,  p.  Ten- 
ostium;  mc.  Medullary  cavity ;  msi}.  Subperiosteal  tissue:  io.  Osseous  trabecubc  , 
n  Point  where  the  ligament  enters  the  bone  ;  n'.  Union  of  hgament  mth  the  perios- 
teum. Observe  that  at  first  the  interosseous  membrane  is  inserted  into  a  depression 
in  the  bone ;  when  the  membrane  becomes  ossified  a  ridge  is  formed. 


Make  transverse 
Mount  one  in 


of  a  newly-born  kitten  in  picric  acid  (p.  37). 
sections,  and   stain  them  with  picro-carmine. 
Tarrant's  solution. 

(a.)  (L)  Observe  the  periosteum  (fig.  156,  a,  b),  composed  ex- 
ternally of  connective  tissue,  with  fusiform  corpuscles  stained  red. 
Under  this,  one  or  more  layers  of  cubical  or  somewhat  flattened 
nucleated  cells,  osteoblasts  (c).  They  pass  into  and  line  the  Haver- 
sian spaces,  thus  reaching  the  cancelli  and  medullary  cavity,  which 
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they  also  line,  so  that  every  spicule  or  surface  of  young  hone  is 
covered  hy  them.    From  them  the  hone-corpuscles  are  formed. 

(b.)  The  osseous  tissue  is  stained  red,  and  forms  an  anastomosing 
series  of  trabeculce  bounding  large  spaces— Haversian  spaces- 
containing  blood-vessels  and  marrow,  and  lined  by  osteoblasts. 
Processes  from  the  trabeculas  project  into  the  deeper  layer  of  the 
periosteum.  At  this  stage  a  concentric  arrangement  of  the  lamellse 
leading  to  the  formation  of  Haversian  systems  has  not  yet  taken 
place.  In  the  bone  matrix,  the  bone-corpuscles  (1),  irregular,  re- 
fractive, nucleated  cells,  each  lying  in  a  lacuna. 

(c.)  (H)  Under  the  periosteum  and  in  the  spaces  may  be  seen 
larger  multinucleated  cells. 

Osteoclasts  or  Myeloplaxes  (fig.  156,  — The  cells  are  much 
larger  than  the  osteoblasts,  con- 


tain many  nuclei,  and  lie  in  little 
depressions  of  the  bone  eroded 
by  themselves.  These  depres- 
sions are  called  Howship's 
lacunse.  These  cells  are  con- 
cerned in  the  removal  of  bone. 

2.  Intra-Cartilaginous  For- 
mation of  Bone  (L  and  H). — 
Decalcify  in  picric  acid  the  pha- 
langeal bones  of  a  four-months 
fostus.  Make  longitudinal  ver- 
tical sections,  stain  in  picro- 
carmine,  and  mount  in  Farrant's 
solution. 

(a.)  (L)  At  the  head  of  the 
bone  observe  a  mass  of  hyaline 
cartilage  (fig.  157),  and  lower 


Fig.  156.— T.S.  Foetal  Bone  of  Kitten,  a,  6. 
Superficial  and  deep  layers  of  perios- 
teum ;  c.  Layers  of  osteoblasts,  with 
k.  Osteoclasts ;  m.  Matrix  of  bone ;  I. 
Lacunfe,  wltli  bone-corpuscles. 


down  bone,  and  where  the  two  are  continuous  an  irregular  festooned 
margin,  the  line  of  ossification. 

(b.)  The  cartilage  at  the  upper  part  is  hyaline,  with  the  cells 
small,  and  arranged  singly  or  in  groups,  while  deeper  down  the 
cartilage-capsules  are  beginning  to  be  arranged  in  rows,  and  below 
this  are  larger  cartilage-capsules  with  clearer  contents,  and  a  some- 
what refractive  matrix  between  them. 

(c.)  Under  this,  the  line  of  ossification,  with  its  festooned 
margin,  are  spicules  of  calcified  cartilage  passing  downwards 
towards  the  medullary  cavity.  In  the  bony  part,  the  primary 
medullary  spaces,  with  their  osteoblasts,  blood-vessels,  osteoclasts, 
and  the  newly-formed  bone  deposited  on  the  calcified  cartilage. 

(d.)  The  first  bone  is  formed  under  the  periosteum  (fig.  157),  by 
means  of  the  subperiosteal  osteoblasts.     As  these  osteoblasts 
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become  embedded  in  the  bone  matrix  they  become  bone-corpuscles. 
This  piece  of  bone  is  perforated  by  blood-vessels,  which  pass  into 
the  primary  medullary  spaces  in  the  hoUowed-out  cartilage. 

(e.)  (H)  Examine  the  several  parts.  Search  for  an  osteoclast 
lying  in  a  little  cavity — Howship's  lacuna — and  notice  that  while 
the  margins  of  the  trabeculse,  covered  by  recently-formed  bone, 
are  stained  of  a  deep  red  colour  by  the  carmine,  no  such  red  stain 


Osteogenic  tissue 
Endocliondral  bone 

Blood-vessel 
Perichondral  bone 

Enlarged  cartilage-capsules 


FlO.  157.— Dorso-palmar  Longitudinal  Section  of  the  Second  Phalanx  of  the  Finger  of 

a  Four-Months  Foatus. 


Enlarged  cartilage-capsules. 
Calcified  cartilage  in  the  form  of 

Pointed  processes  projecting  into 
the 

Primary  medullary  spaces. 


Perichondral  bone. 


is  seen  where  the  osteoclast  is  embedded.  It,  in  fact,  is  eroding 
or  eating  away  bone. 

3.  Epiphysis  and  Epiphysial  Cartilage  (H  and  L). — Make 
longitudinal  vertical  sections  of  a  young  rabbit's  femur  or  tibia 
to  show  the  epiphysial  cartilage.  Stain  it  in  picro-carmine  and 
mount  in  glycerine-jelly ;  or,  better  still,  double  stain  it  in  haema- 
toxylin  and  picro-carmine  or  haematoxylin  and  eosin.  In  the  last 
case  the  cartilage  will  be  blue,  the  rest  red  or  copper-red.  The 
method  of  double  staining  is  particularly  valuable  for  the  study 
of  bone  development. 

(a.)  (L)  Observe  the  thin  layer  of  encrusting  cartilage  on  the 
head  of  the  bone  (fig.  158,  C),  and  under  it  the  cancellated  bone 
of  the  head  of  the  tibia.  This  cartilage  is  continuous  below 
with — 

(6.)  A  broad  layer  of  cartilage  between  what  is  to  be  the  head 
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of  the  bone— the  epiphysis  (^)— and  the  future  shaft  or  diaphysis 
of  the  bone  (D). 

(c.)  In  the  epiphysial  cartilage  (EC)  the  vertical  rows  of  carti- 
lage-cells, smaller  above,  and  larger  and  more  quadrilateral  below 
(fig.  158  and  fig.  159,  C).  ,        •  ^  , 

(d.)  The  shaft  with  longitudinal  spaces— the  primary  medul- 
lary spaces  (fig.  158,  MS) — bounded  by  trabeculse  of  calcified 
cartilage  partly  covered  by  bone  (fig.  159,  b).  The  spaces  con- 
tain young  marrow  (c). 

(e.)  (H)  Study  specially  the  cells  of  the  epiphysial  cartilage 
(fig.  159,  C),  and  notice  that  the  cells  and  capsules  are  smaller 
above  and  larger  below — zone  of  enlarged  cartilage-capsules.  Some 
of  the  enlarged  cartilage- 
capsules  of  the  lowest  row 
may  be  seen  opening  into 
the  primary  medullary 
spaces.  The  line  of  ter- 
mination of  these  spaces  is 
called  the  line  of  ossifica- 
The  bone  grows  in 
by  the  proliferation 
epiphysial  cartilage- 


tion. 
length 
of  the 
cells. 

(/•) 

mary 


MS. 


Fig.  158.— V.S.  Head  of  Tibia  of  a  Young  Rabbit, 
greatly  reduced  to  sliow  details.  C.  Encrust- 
ing cartilage  ;  E.  Epiphysis ;  EC.  Epipliysial 
cartilage  ;  Z>.  Diapiiysis  ;  p.  Periosteum  ;  US. 
Primary  medullary  spaces. 


Bounding  the  pri- 
medullary  spaces, 
directive  trabeculse  of  cal- 
cified cartilage  {b')  with  a 
deposit  of  bony  matter  on 
them.  Note  specially  the 
osteoblasts  (p)  partially  em- 
bedded in  the  osseous  matter  which  they  themselves  secrete  or 
form.  "When  they  become  embedded  in  the  osseous  products 
of  their  own  activity,  they  are  then  called  bone-corpuscles.  Note 
also  that  the  bone  on  the  cartilage  is  bounded  by  convex  surfaces 
which  fit  into  corresponding  .depressions  in  the  cartilage.  On 
the  larger  trabeculse  may  be  found  osteoclasts 
cavities— Howship's  lacunae — which  they  have 
spaces  themselves  are  filled  with  red  marrow 
vessels  (v). 

4.  Intra-Membranous  Formation  of  Bone  (H  and  L).— Take  the 
parietal  bone  of  a  foetus  when  the  parietal  bono  is  only  partially 
ossified ;  scrape  off  the  periosteum  from  a  part  near  the  periphery 
of  the  ossified  part;  stain  in  picro-carmine  and  mount  in  Far- 
rant's  solution. 

(a.)  Observe  at  one  part  the  fibrous  matrix,  and  shooting  from 


lying  in  little 
eroded.  The 
(c)  and  blood- 
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it  calcified  fibres  of  connective  tissue,  these  covered  with,  osteo- 
blasts (fig.  1 60). 

Marrow  of  Bone. — It  fills 
the  medullary  cavity  of  long 
bones,  the  cancelli  of  spongy 
bone,  and  it  occurs  in  some  of 
the  larger  Haversian  canals. 
There  are  two  varieties,  yellow 
and  red,  the  difference  in 
colour  being  due  to  the  former 
containing  a  large  amount  of 
111/  fat-cells. 

Yellow  marrow  occurs  in 
the  medullary  cavity  or  canal 
and  the  larger  cancelli  of  long 
bones.  Besides  a  small  amount 
of  connective  tissue  and  blood- 
vessels, it  consists  principally  of 
fat -cells. 

Eed  marrow  (H)  occurs  in 
the  spongy  tissue  at  the  ends  of 
long  bones,  in  the  short  bones 
FIG.  159.-L.S.  Head  of  a  Metacarpal  Bone  of  of  the  hands   and  feet,  flat 

a  Eabbit,  aged  three  months.    C.  Epiphy-  Ijones  of  the  skuU,  epiphyses  of 

sial-cartilase ;  0.  Bone;  a.  Kow  of  cai'ti-  .  1     •  i       -v!^™  ;i 

lage-oells;  6.  Cartilaginous  trabeculEE;  m.  long   boneS,   clavicle,  ribS,  and 

Primary  medullary  space  ;  n.  Osseous  •  ^  medullary  canal  of  the 
deposit;  V.  Directive  oartilagmous  trabe-  . 

cuife  ;  p.  Boue-coi-puscie  being  embedded  long  bones  01  some  animals,  e.g.^ 

in  the  osseous  matrix;  c.  Marrow-cells ;  «.   g^^i^^^a-pig,  rat,  rabbit.    It  con- 
sists   of    delicate  connective 


Injected  blood-vessel,  x  240. 


tissue  with  blood-vessels  and  numerous  cells  of  several  varieties, 
(i.)  Medullary  or  Marrow  Cells  (fig.  i6i,  a,  6,  c). — They  are 

the  most  numerous,  and  are 

connective  tissue  bundles.       ^^^^^^^^^   ^^^^  ^^^xY^ 


Osteotilasts.  Calcified. 


JS^on-calcifled. 


large  leucocytes.  They  are 
spherical,  Avith  finely  granular 
protoplasm  and  a  spherical 
pale  nucleus.  Sometimes 
they  contain  two  nuclei. 
Examined  quite  fresh  in 
serum,  no  nucleus  is  visible, 
but  it  is  revealed   by  the 

Fig.  i6o.— Surface  Section  of  a  Parietal  Bone  of  a  „f    ncptic     acid  Or 

Human  Embryo,  x  240.  aCUOn    01    acctlC     dt-iu  ui 

dilute  alcohol.  The  proto- 
plasm of  some  of  them  contains  numerous  highly  refractile  granules, 
and  that  of  others  some  brownish  granules.   There  is  also  a  smaller 
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Fig.  i6i.— Cells  from  the  Red  Marrow  of  the  Tibia  of  a 
Young  Rabbit,  a,  6,  c.  Marrow-cells  examined  in 
normal  saline  ;  d,  e.  Marrow-cells  after  dilute  alco- 
hol ;  /,  g.  After  dilute  alcohol ;  7i,  i.  Large  cells 
with  budding  nuclei ;  m.  Myeloplaxes,  x  300. 


variety  of  corpuscle.  They  exhibit  amceboid  movements  under 
proper  conditions. 

(2.)  Cells  with  Budding  Nuclei  (fig.  i6i).— Far  less  numerous, 
but  easily  distinguished,  are  large  finely  granular  cells,  each  with 
a  single  large,  often  twisted,  nucleus,  which  in  some  looks  as  if 
it  were  composite,  in  others  it  would  seem  to  consist  of  several 
parts  united  by  some 
substance  like  the  nuc- 
leus itself.  There  is 
very  great  variety  in  the 
shape  of  those  nuclei, 
which  are  visible  in  the 
fresh  condition  of  the 
cell.  These  cells  are 
not  amceboid  (fig.  i6i, 
i). 

(3.)  Myeloplaxes.  — 

These  are  larger  than 
the  foregoing,  consisting 
of  a  finely  granular 
protoplasm  with  numer- 
ous nuclei  (fig.  161,  m). 
What  relation  there  is  between  (2)  and  (3),  or  if  there  is  any  relation 
at  all,  is  entirely  unknown. 

(4.)  There  are  to  be  found  cells  smaller  than  but  not  unlike  (i), 
with  a  homogeneous  protoplasm  which  has  a  reddish  tint  and  a 
spherical  nucleus.  Some  of  them  have  a  small  bud  at  the  side 
(fig.  161,  /,  g).  They  are  regarded  as  cells  from  which  coloured 
blood-corpusclea  are  formed.  They  are  regarded  by  Bizzozero  as 
similar  to  the  nucleated  red  blood-corpuscles  of  the  embryo. 

(5.)  Always  a  few  fat-cells. 

(6.)  Numerous  red  blood-corpuscles  from  the  blood-vessels  in  the 
red  marrow. 

(7.)  Sometimes  osteoblasts  may  be  detached  along  with  the  other 
constituents  of  the  marrow. 

Lay  open  a  rib  or  a  long  bone  of  a  guinea-pig  or  rabbit ;  remove 
a  little  of  the  red  marrow  and  difi"use  it  in  blood-serum  or  normal 
saline.  "With  a  high  power  search  for  examples  of  each  of  the 
foregoing  kinds  of  cells.  The  vertebra  of  a  calf  may  be  used,  and 
from  it  the  red  marrow  is  readily  expressed  by  squeezing  it  in  a 
vice. 

The  nuclei  in  some  of  the  cells  are  best  revealed  by  the  action  of 
dilute  alcohol. 

5.  Red  Marrow. — (i.)  Squeeze  out  some  of  the  red  marrow  from 
a  rib  of  a  guinea-pig  or  rat;  shake  it  in  a  test-tube  containing 
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normal  saline  tinged  with  methyl-green,  aldehyd-green,  or  aniline- 
green.  The  marrow  will  fall  as  a  precipitate.  Examine  a  little  of 
this  in  normal  saline.  Stain  some  in  picro-carmine,  and  mount  in 
dilute  glycerine. 

(H)  Observe  the  various  forms  of  marrow  and  other  cells  met 
with,  the  nuclei  tinged  red.  The  large  myeloplaxes  with  numerous 
nuclei  have  their  protoplasm  green  and  the  nuclei  red.  The  fat-cells 
are  quite  green. 

(ii.)  Place  some  of  the  red  marrow  for  12-24  hours  in  dilute 
alcohol,  mount  and  stain  the  cells  with  picro-carmine.  In  this  way 
the  nuclei  of  all  the  cells  are  stained  red,  their  protoplasm  yellowish, 
while  nucleoli  are  revealed. 

(iii.)  Harden  some  of  the  red  marrow  in  Hay  em's  fluid  for 
twenty-four  hours.  Wash  the  deposit,  stain  (picro-carmine)  and 
mount  a  little  in  glycerine.  This  is  a  good  hardening  medium  for 
this  purpose  ;  the  red  blood-corpuscles  can  be  readily  distinguished, 
while  the  nuclei  in  all  the  cells  are  distinct. 

6.  T.S.  Eed  Marrow. — Small  pieces  of  the  ribs  of  a  young 
rabbit  are  placed  in  the  following  fluid  for  one  day : — 


Kinse  in  water,  and  transfer  to  picric  acid  to  decalcify  the  bone. 
The  tissue  can  then  be  soaked  in  gum,  then  hardened  in  alcohol 
and  sections  cut.  Sections  may  be  stained  with  eosin  and  logwood. 
The  eosin  stains  any  cells  containing  haemoglobin  of  a  reddish-orange 
tint. 


7.  Cover-Glass  Preparation  of  Bed  Marrow  (H).— As  described  for  blood, 
get  a  thin  layer  of  red  marrow  on  a  cover-glass  and  stain  it  for  twenty-four 
hours  in  Biondi's  fluid  (p.  140).  Dry  cover-glass  preparations  may  also  be 
stained  with  methylene-blue,  eosin-h'.ematoxylin,  or  methyl-green.  Mount 
the  cover  in  xylol-balsam.  If  desired,  clear  it  up  with  oil  of  cloves  in  which 
a  little  eosin  is  dissolved,  and  remove  the  clove-oil  by  xylol.  This  method 
yields  excellent  preparations. 

8.  Squeeze  on  a  slide  a  little  of  the  red  marrow  from  the  rib  of  a  young 
rabbit.  Squeeze  a  little  between  two  cover-glasses  to  get  in  a  thin  film,  and 
expose  the  latter  for  a  minute  or  two  to  the  vapour  of  osmic  acid.  Stain  it 
with  picro-carmine  apd  mount  it  in  glycerine. 


Sodic  sulphate 
Mercuric  chloride 
"Water  . 


2.5  grams. 
0.25  „ 


500  cc. 
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LESSON  XV. 
MUSCULAR  TISSUE. 

Muscle  histologically  occurs  in  two  varieties — (i.)  Non-striped; 
(2.)  Striped.  Non-striped  muscles  are  involuntary,  while  striped 
muscles,  as  a  rule,  are  voluntary;  but  the  heart-muscle  is  an 
exception,  for  though  striped  it  is  involuntary. 

Non-Striped  (smooth,  involuntary).  Occurs  in  the  outer  coats 
of  the  lower  half  of  oesophagus;  muscular  coat  and  muscularis 
mucossB  of  stomach  and  intestines ;  villi ;  ureter,  bladder,  and 
urethra ;  pelvis  and  capsule  of  kidney  ;  trachea  (trachealis  muscle) ; 
bronchi.;  oviduct ;  uterus  ;  iris,  ciliary  muscle ;  erector  pili  muscles 
of  skin,  sweat  glands ;  coats  of  blood-  and  lymph- vessels ;  capsule 
and  trabeculse  (lymphatics,  spleen),  and  ducts  of  some  glands,  sali- 
vary, bile-ducts,  &c. 

It  consists  of  nucleated  elongated  fusiform  contractile  cells,  held 
together  by  a  clear  cement.  The  cells  taper  towards  their  extremities, 
and  although  they  appear  homogeneous  in  reality  they  seem  to  consist 
of  longitudinally  arranged  fibrils  held  together  by  a  sarcoplasm,  or  at 
least  a  transparent  material.  The  nucleus  is  oval  or  rod-shaped. 
Some  state  that  the  cells  have  an  elastic  sheath.  Each  cell  is  from 
4  to  JO  /X  (^^-^^  inch)  in  breadth  and  40-200  (^-.^^ 
inch)  in  length. 

1.  Non-Striped  Muscle  (H). — Place  thin  strips  of  the  muscular 
coat  of  the  intestine  for  forty-eight  hours  in  a  25  per  cent,  solution 
of  nitric  acid,  which  softens  the  connective  tissue  and  renders  the 
tissue  yellow.  Wash  it  thorouglily  in  water.  Tease  a  small  part 
in  glycerine  or  Farrant's  solution.  Or  macerate  a  small  piece  of 
intestine  in  ^  per  cent,  bichromate  of  potash  for  48  hours.  Cells 
can  then  be  readily  isolated. 

(a.)  Select  an  isolated  fibre.  It  is  spindle-shaped,  elongated,  or 
fusiform,  tapering  to  both  ends,  and  in  its  centre  there  is  an  oval 
nucleus,  distinguished  by  its  being  rather  more  refractive  than  the 
rest  of  the  cell  (fig.  162).  At  the  poles  of  the  nucleus  there  may 
be  a  few  granules. 

It  is  very  difficult  to  stain  these  cells  after  the  action  of  nitric 
acid,  but  this  may  be  done  with  magenta,  provided  the  nitric  acid 
be  entirely  washed  out  of  the  tissue  beforehand.  Each  cell  is  said 
to  have  a  sheath,  but  that  cannot  be  seen  in  fibres  prepared  in  this 
way. 
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2.  Muscle-Cells  from  the  Frog's  Bladder  (L  and  H).— Distend 
tlie  frog's  bladder  with  dilute  alcohol  thus.  Transfix  the  skin  on 
each  side  of  the  anus  with  two  pins,  and  tie  round  them  a  thread  so 

as  to  occlude  the  anus ;  open  the  abdomen, 
make  a  slit  into  the  large  intestine,  clear  out 
any  residues  it  may  contain,  and  inject  dilute 
alcohol  through  the  intestine  into  the  blad- 
der. When  the  latter  is  full,  ligature  it  at 
the  neck,  and  suspend  it  for  twenty-four 
hours  in  a  large  quantity  of  dilute  alcohol. 
Then  open  the  bladder,  and  with  a  camel's- 
hair  brush  pencil  away  all  the  lining  epi- 
thelium. Stain  a  portion  of  the  bladder  in 
logwood  and  mount  it  in  balsam,  or  stain 
in  picro-carmine  and  mount  it  in  Farrant's 
solution. 

(a. )  Observe  the  thin  membrane,  traversed 
in  every  direction  by  thicker  or  thinner  tra- 
beculse  of  smooth  muscle  (fig.  163,  a).  The 
i62.-isorated  Smooth  trabecule  consist  of  numerous  long  fusiform 
Muscular  Fibres.  Nitric  nucleated  cells  (c) — the  nuclei,  long,  narrow, 
acid,  X  300.  oval.    Some  of  the  cells  are  triradiate 

(b).  These  are  what  S.  Mayer  has  called  atypical  cells.  Oval  nuclei 
with  blunter  ends  are  seen  in  the  fibrous  covering  of  the  bladder  (d). 
They  are  the  nuclei  of  connective-tissue  cells. 

3.  T.S.  Non-Striped  Muscle 
(H).— This  is  obtained  by  mak- 
ing transverse  sections  of  the 
circular  muscular  coat  of  the 
small  intestine  (cat),  previously 
hardened  in  chromic  acid  and 
spirit,  or  Miiller's  fluid.  Stain 
a  section  in  hsematoxylin  and 
mount  in  balsam. 

(a.)  Observe  polygonal  areas 
of  unequal  size,  mapped  out 
from  each  other  by  a  refractive 
(fig.  164)  cement  substance. 
Each  area  corresponds  to  the 
transverse  section  of  a  fibre. 
Some  of  the  areas  contain  a 
nucleus  {11),  others  not.  Sur- 
rounding groups  of  these  areas  are  fine  septa  of  connective  tissue 
(s),  which  map  out  the  fasciculi  or  bundles  of  cells.  The  fibres  are 
arranged  in  bundles  or  fasciculi,  each  surrounded  by  an  envelope  of 


"ElOt.  163. — Bladder  of  Frog.  a.  Large  strands 
of  smooth  muscle ;  b.  Triradiate,  and  c. 
Fusifonn  muscle-cells;  d.  Nuclei  of  con- 
nective-tissue corpuscles. 
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164. — A.  T.S.  non-striped  muscle,  in- 
testine of  cat;  B.  Longitudinal  strip  of 
intestine  of  rabbit;  c.  Cell;  n.  Nucleus; 
s.  Septum  of  connective  tissue.  Chio- 
mio  and  bichromate  fluid,  hesmatoxylin. 


connective  tissue.  The  fasciculi  are  large  or  small  according  to  the 
number  of  fibres  entering  into  their  composition. 

{h.)  In  some  preparations  one  can  see  iutercellular_  bridges  between 
adjacent  cells,  like  those  that  occur  in  squamous  epithelium. 

4.  L.S.  of  Non-Striped  Muscle  (H).— This  may  be  obtained  by 
making  a  longitudinal  section  of 
the  longitudinal  coat  of  the  in- 
testine, but  it  is  better  to  strip 
olf  a  thin  lamella  of  this  coat  from 
the  intestine  of  a  rabbit  hardened 
in  spirit  or  Miiller's  fluid.  Stain 
in  heematoxylin  and  mount  in 
balsam. 

(a.)  Observe  the  oval  fusiform 
nuclei  (fig.  164,  n)  lying  in  narrow 
fusiform  areas — the  cells.  The 
boundary-hnes  between  the  cells 
are  usually  not  well  defined.  I'ig. 

5.  Cement  Substance  of  Non- 
Striped  Muscle  (H).— With  dis- 
tilled water  wash  out  the  contents 
of  the  small  intestine  of  a  freshly-killed  rabbit,  or  the  large  intes- 
tine of  a  frog.  Tie  one  end  of  the  gut,  and  fill  it  with  .5  per  cent, 
solution  of  silver  nitrate,  and  tie  the  other  end  of  the  gut.  Suspend 
the  whole  in  \  per  cent,  solution  of  silver  nitrate  for  ten  minutes 
or  so.  Slit  up  the  gut  along  the  line  of 
attachment  of  the  mesentery.  Wash  it 
in  water  and  expose  it  to  light.  It  soon 
becomes  brown.  Lay  it  on  a  glass  plate, 
mucous  surface  uppermost,  and  with  a 
scalpel  scrape  away  all  the  mucous  and 
submucous  coat,  which  is  very  easily 
done,  especially  if  the  intestine  has  been 
macerated  for  about  twenty-four  hours  in 
water.  There  remain  only  the  muscular 
and  thin  serous  coats.  Harden  in  alco- 
hol. Snip  out  a  piece,  dehydrate  com- 
pletely in  absolute  alcohol,  and  mount  in  Fig. 
balsam. 

(a.)  Observe  the  narrow  elongated 
fusiform  areas  bounded  by  silver  lines  (fig.  165) ;  they  indicate  the 
outline  of  the  fusiform  cells.  On  focussing  upwards  and  down- 
wards, notice  the  longitudinal  and  circular  direction  of  the  fibres 
crossing  each  other.  In  this  preparation  also  many  lymphatic 
paths  lined  by  sinuous  epithelium  may  be  seen.    They  are  rccog- 


.  165.— Cement  Substance  of 
Smootli  Muscle,  Intestine  of 
Kabbit.   Silver  nitrate. 
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nised  by  the  dilatations  in  their  course,  and  by  the  character  of  the 
endothehal  cells  lining  them.  By  focussing  deeply,  the  silver  Unes 
of  the  endothelium  of  the  serous  membrane  may  be  seen. 

6.  Methylene-Blue  Method  (S.  Mayer). — Into  the  blood-vessels 
of  a  cat — e.g.,  from  the  aorta — inject  the  following  solution  : — 

Methylene-blue  (S,  Mayer's)  1    ....       i  gram. 
Normal  saline  300  cc. 

After  an .  hour  or  so,  open  the  abdomen ;  the  intestines  appear 
blue ;  cut  out  a  portion  of  the  muscular  coat  and  place  it  in  the 
following  mixture : — 

Picro-Glycerine  Mixture. 

Saturated  watery  solution  ammonium  picrate  .  100  cc. 
Glycerine  100  ,, 

On  teasing  a  small  piece  of  the  muscular  coat  in  the  same  mixture, 
isolated  muscle  cells  are  readily  found,  the  nucleus  being  stained  of 
a  faint  rosy-pink. 


ADDITIONAL  EXERCISES. 


7.  Fibrillar  Plexus  in  Muscle-CeUs  (H).— Kill  a  newt,  open  its  abdomen, 
aud  pin  out  its  intestine  and  mesentery  on  a  thin  piece  of  cork  with  a  hole  in 
it  corresponding  to  the  mesentery.  Place  it  for 
twenty-four  hours  in  a  5  per  cent,  solution  of  am- 
monium chromate.  After  this  wash  away  all  the 
chromate,  stain  a  piece  of  the  mesentery  in  logwood, 
and  mount  it  in  balsam. 

(a.)  In  the  membrane  observe  narrow  strands  of 
non-striped  muscle  composed  of  very  large  fusiform 
cells.  In  the  large  nuclei  a  plexus  of  fibrils,  while  a 
leash  of  line  fibrils  will  be  seen  in  the  perinuclear  part 
stretching  from  the  poles  of  the  nucleus  to  the  ends  of 
the  fibre. 

8.  Fibrils  in  Smooth  Muscle.  —These  may  be  seen 
for  a  short  time  by  macerating  small  pieces  of  the 
stomach  of  a  frog  for  twenty-four  hours  in  dilute 
alcohol,  or  in  8-10  per  cent,  of  sodic  chloride  {Engel- 

9.  Isolated  Smooth  Muscle-CeUs.— To  get  these 
osmiu  atlu.  oiiuwo  lu-  cells  quickly  macerate  a  small  jiiece  of  the  muscular 
tercellular  bridges,  and  ^^^^^^  ^jjg  stomach,  intestine,  or  bladder  in  33  per 
at  a  an  artificial  slit,  ^^^^^..^  ^^^^^^^         ,5_2o  mins.      Tease  and 

observe  in  the  same  solution.  "Water  must  not  be 
added,  else  the  effect  of  weak  caustic  alkalies  is  produced,  viz.,  solution  of 
the  cells. 

1  To  be  obtained  from  Dr.  Grubler,  Leipzig,  or  Bindscheidler  &  Busch, 
Basel.  PflUgcr's  Arch.,  XXV. 


Fig.  166.  —  T.S.  Smooth 
Muscle  of  a  Cat's  lutes- 
tine.  Cliromo  -  aceto  - 
osmic  acid.   Shows  in 
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10  Grooving  on  Smooth  Muscular  Fibres.— Harden  the  muscular  coat  of 
the  small  intestine  of  a  cat  in  chromic  and  bichromate  fluid  or  in  Flemmmg  s 
fluid.  Stain  and  cut  sections  in  paraffin.  (H)  Observe  the  polygonal  areas, 
but  note  that  fine  intercellular  bridges  connect  adjacent  cells  (hg.  ibb). 
The  surface  of  each  cell  seems  to  be  grooved  with  canals,  but  what  these  canals 
contain  is  not  known.    In  each  cell  the  cut  ends  of  fine  fibrils  are  seen. 


LESSOJf  XVI. 

STRIPED  OR  STRIATED  MUSCLE. 

Striped  Muscle — sometimes  called  voluntary  or  skeletal  muscle 
— occurs  in  the  muscles  of  the  skeleton,  pharynx,  upper  half  of 
the  oesophagus,  diaphragm,  the  sphincter  of  the  bladder,  external 
anal  sphincter,  and  the  muscles  of  the  outer  and  middle  ear. 
The  muscular  fibres  of  the  heart  are  also  striped,  but  they  are 
involuntary. 

A  Muscular  Fibre  is  cylindrical  in  form,  and  tapers  at  its- 
extremities.    They  vary  in  breadth  from  lo  to  50  /u.  (ij-xotj  ~  r sir 
inch),  but  they  are  broadest  in  the  muscles  of  the  extremities. 
The  fibres  are  i  to      inches  in  length. 

A  muscular  fibre  consists  of  the  following  parts  : — 

(i.)  Sarcolemma,  or  sheath. 

(2.)  Sarcous  substance,  which  is  transversely  striated. 
(3.)  Muscle-corpuscles. 

1.  The  Sarcolemma  (H). — (i.)  To  avoid  the  effect  of  the  con- 
tractiUty  of  the  muscle,  kill  a  frog  several  hours  before  it  is 
required.  Dissect  out  the  sartorius  muscle,  because  it  is  com- 
posed of  parallel  fibres.  Tear  off  a  thin  strip,  and  with  needles 
tease  it  in  distilled  water. 

(a.)  Observe  the  cylindrical  shape  of  the  fibres,  marked  trans- 
versely by  alternate  light  and  dim  stripes.  Run  the  eye  along 
the  edge  of  a  fibre,  and  perhaps  a  clear,  transparent  bulla  or  bleb 
will  be  seen.  If  so,  it  is  the  sarcolemma  raised  from  the  subjacent 
sarcous  substance  by  water  diffusing  into  the  fibre  (fig.  167,  A). 

(b.)  The  sarcolemma  is  a  clear,  transparent,  colourless,  homo- 
geneous elastic  membrane,  forming  a  tubujar  sheath  for  the  sarcous 
substance.  It  is  aUied  to,  but  not  identical. with,  elastic  tissue. 
It  is  much  tougher  and  less  easily  ruptured  than  the  sarcous  sub- 
stance which  it  contains. 

(ii.)  A  much  better  plan  is  the  following: — Tease  out  a  few 
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fresh  muscular  fibres  on  a  slide  in  normal  saline,  and  across  the 
direction  of  the  fibres  place  a  hair.  Cover,  and  press  the  cover-glass 
down  firmly  on  the  fibres.  The  hair  ruptures  the  sarcous  sub- 
stance, "which  retracts  and  leaves  the  tougher  unbroken  sarcolemma 
between  the  ends  of  the  ruptured  fibre.  Kemove  the  hair,  and 
the  now  empty  sarcolemma  will  be  seen  (fig.  167,  C). 

(iii.)  Another  excellent  method  is  to  leave  the  muscle  in  a 
saturated  solution  of  ammonium  carbonate.    Tlie  sarcolemma  will 


Fig.  167.— a.  striped  muscle  of  frog,  sarcolemma  raised'  in  the  form  of  a  bleb;  B. 
Ruptured  fibre  with  sarcolemma ;  C.  Fibre  ruptured  by  a  hair ;  D.  Effect  of  acetic 
acid  on  a  muscle-fibre ;  E.  Muscle-discs.   Ammonium  carbonate. 

be  seen  raised  for  long  distances  from  some  of  the  fibres,  with  a 
little  of  the  sarcoglia  sometimes  adhering  here  and  there  to  its 
under-surface. 

2.  Muscle-Corpuscles,  or  Nuclei  (H). — Tease  a  piece  of  a  fresh 
frog's  muscle,  and  irrigate  it  with  2  per  cent,  acetic  acid.  I  have 
often  found  the  nuclei  beautifully  stained  in  a  piece  of  muscle  that 
has  been  in  ammonium  carbonate  and  then  in  picro-carmine. 

(a.)  Observe  the  sarcous  substance  becoming  swollen  up  and 
more  homogeneous,  while  a  number  of  fusiform,  somewhat  shrivelled 
or  shrunken  nuclei,  with  their  long  axis  in  the  long  axis  of  the 
fibre,  come  distinctly  into  view.  They  are  now  slightly  more 
refractive  than  the  altered  sarcous  substance,  hence  they  are  seen 
with  greater  distinctness.  Focus  carefully,  and  note  that  these 
nuclei  lie  not  only  under  the  sarcolemma,  but  also  in  the  substance 
of  the  fibres.  Had  a  mammalian  muscle  been  used  instead  of  one 
from  an  amphibian— in  the  case  of  most  muscles— the  nuclei  would 
have  been  found  directly  under  the  sarcolemma  only.  The  presence 
of  the  nuclei  is  merely  revealed  by  the  action  of  the  acid,  which 
alters  the  refractive  index  of  the  sarcous  substance,  and  thus  brings 
the  nuclei  into  view  (fig.  167,  D).  Sometimes  faint  longitudmal 
striation  is  exhibited  by  such  a  fibre.  .  . 

3.  Isolated  Muscular  Fibres.— (i.)  Pith  a  frog,  and  plunge  it  in 
a  beaker  of  water  at  55°  C.    Leave  it  in  the  water,  and  allow  the 
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•water  to  cool  gradually  {Ranvier).  It  will  now  be  found  that  the 
fibres  of  any  muscle  can  be  dissociated  with  great  ease  ;  the  muscles 
to  be  preserved  in  70  per  cent,  alcohol  until  they  are  required. 
By  careful  manipulation  very  long  fibres  may  be  isolated  from  the 
sartorius.  These  muscular  fibres  exhibit  the  ordinary  characters 
of  striped  muscle.  This  is  by  far  the  easiest  method  of  obtaining 
isolated  fibres. 

(ii.)  Place  small  pieces  of  a  fresh  muscle  in  the  following  mixture. 
Ifitric  acid  saturated  with  potassic  chlorate.  There  must  be  crystals 
of  the  latter  in  the  fluid.  The  tube  or 
vessel  is  speedily  filled  with  yellow 
nitrous  fumes.  It  is  usually  advised 
to  leave  the  muscle  several  hours  in 
this  fluid.  I  find,  however,  if  this  be 
done,  that  the  muscle  is  dissolved. 
Half  an  hour  is  usually  sufiicient. 
With  glass  rods  remove  the  now 
softened  orange-coloured  muscle,  and 
place  it  in  water.  It  becomes  whitish. 
Shake  it  in  a  tube  with  water.  The 
fibres  fall  asunder  quite  readily,  and 
after  having  aU  the  acid  removed  by 
prolonged  washing,  they  can  be  stained 
and  mounted. 

4.  FibriUse  of  a  Muscular  Fibre 
(H). — Place  a  frog's  or  mammal's 
muscle  in  water  (two  hours),  and  after- 
wards in  dilute  alcohol  for  twenty-four 
hours.  Tease  a  small  fragment  of  the 
now  softened  muscle  in  glycerine,  or 
tease  a  fresh  muscle  of  a  calf  in  white 
of  egg.  If  a-  fibre  be  split  up,  bundles 
of  fibrUs  may  be  seen  as  in  fig.  168. 

Select  a  fibre,  and  note  that  at  its 
free  end  it  spHts  up  longitudinally  into 
a  large  number  of  very  fine  fibrils  or 


FiQ.  168.— Part  of  a  Striped  Muscu- 
lar Fibre  of  a  Calf,  teased  in 
white  of  egg,  and  sliowing  iso- 
lated  bundles  of  fibrils,  x  200. 


fibriUse,  each  of  which  is 
transversely  striated  like  the  original  muscular  fibre.  Much  larger 
fibrils  are  obtained  from  the  muscles  of  insects,  e.g.,  Hydrophilus°or 
Dy tiscus  (fig.  171). 

5.  Muscle-Discs  (H).— The  usual  directions  for  obtaining  these 
are  to  place  dead  muscle  for  several  days  in  dilute  (.2  per  cent.) 
hydrochloric  acid.  The  muscular  fibre  then  cleaves  transversely, 
i  have  not  found  this  to  be  a  very  satisfactory  method.  A  mucli 
better  plan  is  to  place  small  pieces  of  the  muscle  in  a  saturated 
solution  of  ammonium  carbonate  for  several  hours. 


196 


PRACTICAL  HISTOLOGY. 


[XVI. 


fig. 


(a.)  Not  only  will  the  sarcolemma  be  seen,  but  inside  it,  here 
and  there,  the  sarcous  substance  will  be  seen  cleft 
transversely  into  discs  (fig.  167,  E). 

6.  Ending  of  Muscle  in  Tendon, — This  is  readily 
seen  by  taking  the  loAver  end  of  the  sartorius  with 
its  tendon  from  a  frog  treated  as  in  Lesson  XVI.  3, 
(i.),  and  which  has  been  afterwards  placed  in  70  per 
cent,  alcohol.  Tease  out  the  muscular  fibres,  when 
their  conical  ends  will  be  seen  ending  abruptly,  and 
the  small  tendons  beginning  as  abruptly  (fig.  169). 

7.  Crab's  Muscle  (Sarcous  Substance)  (H). — 
Plunge  the  living  muscles  of  a  crab — or  better  still, 
use  a  stag-beetle — into  absolute  alcohol  for  twenty- 
four  hours.  Stain  a  fragment  in  dilute  eosin-hcema- 
toxylin,  and  mount  it  in  Tarrant's  solution  or  balsam. 
In  the  latter  case  the  clarifying  reagent  must  contain 
a  little  eosin  to  restore  the  eosin  colour  to  the  pre- 
paration. 

(a.)  Observe  the  fibre  striped  as  in  a. 
170,  with  alternate  light  and 
dim  discs,  the  dim  discs  (a)  stained 
of  a  logwood  tint,  while  the  light 
discs  are  of  a  faint  eosin  tint. 
{h.)  In  the  Ught  disc  (&)  observe  a  fine  line  or 
series  of  dots  running  transversely,  sometimes  called 

Doble's  line  or  intermediate 
line  (figs.  170,  h,  171,  c), 
dividing  the  light  disc  into 
two  equal  parts,  these  ad- 
hering to  the  ends  of  the 
dim  disc.  They  are  then 
called  lateral  discs. 

(c.)  The  dim  disc  may 
exhibit  sUght  vertical  stria- 
tion,  indicating  a  tendency 
to  cleave  longitudmaUy.  If 
transverse  cleavage  be  as- 
sociated with  simultaneous 
longitudinal  cleavage,  small 
"  elements  "  are  obtained, 
which  were  called  "sarcous 
elements"  by  Bowman. 

[d.)  Nuclei  may  be  seen. 
A  similar    preparation  of 
insect's  muscle  may  be  stained  in  picro-carminc 


JIG.  169.  —  Bela- 
tion  of  a  Tendon 
T.  to  its  Muscu- 
lar Fibre, the  lat- 
ter wltli  a  Coni- 
cal Termination. 


Si»mnBiniiirnmiin»«iffl!W!ilniimihWi#^^ 
!?!miminiuiiBiirii-|{Q]jTiilin}iPJ}™^^ 

FlO.  170.— Muscular  Fibre  of 
Great  Adductor  of  Kabbit. 
Living  aud  Extended,  a. 
Dun  disc;  6.  Light  disc; 
c.  Intermediate  or  Dobie's 
line;  n.  Nucleus  seen  in 
profile.  Examined  in  its 
own  juice,  x  300. 


Fig 


an 


171.  —  Fibril 
of  Muscle  of 
Hydrophilus.  a. 
Dim,  c.  Light 
disc ;  6.  Inter- 
mediate line,  X 
2cxx>.  Picrocar- 
miue  and  formic 
glycerine. 


Tease  it  so 
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as,  if  possible,  to  isolate  a  fibril.    Mount  in  formic  glycerine.  The 


■  m 


Fig.  172.— Crab's  Muscles, 
partly  schematic.  A. 
Jfon-stretched  ;  B.  Ex- 
tended; F.  FibrUs;  J). 
Dim ;  i.  Light  stripes. 


Fig.  173.— T.S.  Muscle,  with  its  Sheaths.  P. 
Perimysium ;  E.  Endomysium. 


dim  disc  is  stained  red  (fig.  170,  a\  and  if  tlie  fibre  be  stretched, 

M 


Or- 


Fig.  174. — A.  T.S.  muscle  fibres  of  newt ;  jB. 
Of  mammal ;  C.  T.S.  muscular  fibres 
(mammal),  with  endomysium;  h.  Blood- 
vessel; F.  Fasciculus;  P.  Perimysium. 


.■■0 


Fig.  175.— Capillary  Plexus  in  Muscles, 
ft.  Artery;  v.  Vein;  c.  Capillaries, 
X  250- 


the  details  of  its  structure  can  be  better  seen,  especially  if  a  very 
high  objective  be  used  (fig.  171). 
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8,  T,S.  of  Muscle. — Make  transverse  sections  of  a  small  mamma- 
lian muscle  which  has  been  kept  stretched  and  hardened  in  0.5  per 
cent,  chromic  acid  and  afterwards  in  alcohol.  Stain  one  in  logwood 
and  mount  it  in  Canada  balsam. 

(a.)  (L)  Observe  the  sheath  of  connective  tissue  or  perimysium 
surrounding  the  whole  muscle,  and  that  from  it  septa  pass  between 
groups  or  fasciculi  of  the  muscle-fibres,  and  also  a  small  amount 
between  the  muscle-fibres,  forming  the  endomysium  (figs.  173, 

174)- 

The  ends  of  the  muscular  fibres  somewhat  polygonal  or  rounded, 
with  stained  nuclei  (one,  two,  or  three)  immediately  under  the 
sarcolemma.     In  amphibian  muscles  (fig.  174,  A)  and  in  a  few 

mammalian  muscles,  e.g., 
ft  .  the  semi-tendinosus  of 
the  rabbit,  nuclei  also 
occur  within  the  sarcous 
substance. 

(b.)  (H)  The  ends  of 
the  fibres  appear  finely 
dotted  with  clear  inter- 
spaces, the  dots  corre- 
sponding with  the  ends 
of  the  bundles  of  fibrils 
or  muscle  -  prisms  or 
sarcostyles,  while  the 
clear  areas  are  due  to 
what  is  called  sarcoglia. 

9.  L.  S.  Injected 
Muscle  (L).  —  Make  a 
longitudinal  section  of 
an  injected  muscle,  i.e., 
parallel  to  the  direction 
of  its  fibres.  It  is  better 
to  inject  the  whole  of 
the  posterior  half  of  the 
body,  e.g.,  of  a  rabbit, 
from  the  aorta.  The 
preparation  made  for  injected  bone  will  yield  injected  muscle. 
Mount  it  in  balsam. 

(a.)  Observe  the  elongated  quadrilateral  meshes  of  capillaries 
between  the  muscular  fibres,  but  outside  the  sarcolemma,  and  that 
capillaries  run  between  the  fibres  with  short  transverse  connecting 
branches.  Trace  their  origin  from  an  artery  and  their  termination 
in  a  vein  (fig.  175).  •.  , 

10.  T.S.  Injected  Muscle. — Mount,  either  stramed  or  unstramed. 


Pig.  176. 
and  2. 


—T.S.  and  L.S.  Injected  Striped  Muscle. 
T.S.  Muscular  fibres  ;  3.  L.S.;  a.  Ai-teries. 
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in  balsam.  In  this  the  cut  ends  of  the  capillaries  between  the 
fibres  will  be  seen  (figs.  176,  177). 

It  is  to  be  noted  that  there  is  a  difference  m  the  i.b.  ot  con- 
tracted and  uncontracted  muscles  {Spatleholz).    Beautiful  figures 

are  given  in.^  ,  tt  ,t 

11.  L.S.  Eed  Muscle  of  Kabbit  Injected  (L).— Use  the  semi- 
tendinosus  or  soleus  of  a  rabbit.  This  shows  the  same  general 
arrangement  of  the  blood-vessels,  but  some  of  the  transverse 
branches  and  some  of  the  veins  have  smaU  dilatations  or  ampullae 
upon  them,  while  the  capillaries  are  usually  more  tortuous  than 
those  of  the  pale  muscles. 

CARDIAC  MUSCLE. 

12.  — Harden  small  pieces  of  the  heart  in  20  per  cent,  nitric 
acid  (forty-eight  hours),  or  2  per  cent,  potassic  bichromate  or 
ammonium  chromate  for  thirty-six  to  forty-eight  hours.  Tease  a 
small  piece  in  Farrant's  solution.  Small  pieces  of  muscle  cardiac 
placed  fresh  in  picro-carmine  for  several  days  show  thes  structure 
well  when  mounted  in  glycerine. 


FlO.  177.— T.S.  Muscle  In- 
jected. M.  Muscle, 
with  n.  Nuclei,  h.  Blood- 
vessel.(capillarles). 


Fig.  178.— Muscular  Fi- 
bres of  the  Humau 
Heart. 


Fig.  179. -T.S.  of  a 
Fresh  Frozen  Muscu- 
lar Fibre,  shoAving 
Cohnheini's  areas. 


(a.)  Observe  the  faintly  transversely-striated  fibres  made  up  of 
short  quadrilateral  pieces  with  short  oblique  processes,  which  join 
other  muscular  fibres.  The  muscle-cells  branch  and  anastomose. 
A  rather  indistinct  line  of  clear  cement  joins  the  ends  of  adjacent 
cells. 

{h.)  There  is  no  sarcolemma,  but  a  well-defined  nucleus  lies  in 
the  substance  of  the  fibre,  while  the  transverse  striation  is  much  less 

1  "Die  Vertlieilung  d.  Bltitgefasse  hn  Muskel,"  Abliand.  d.  math.  phys. 
classed,  k.  Sdchsig.  Oescll.  d.  Wisscnsch.,  1888. 
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distinct  than  in  skeletal  muscles  (fig.  178).  In  a  transverse  section 
of  a  cardiac  muscle  the  nucleus  lies  in  the  centre  of  the  fibre,  and 
radiating  from  it  are  fine  lines  (fig.  207) ;  an  appearance  somewhat 
similar  to  this  is  shown  in  T.S.  of  insects  muscles. 


ADDITIONAL  EXERCISES. 

13.  T.S,  Frozen  Muscle  (H). — Witli  a  freezing  microtome  make  a  transverse 
section  of  a  muscle  talcen  from  a  recently-killed  animal. 

(a.)  The  ends  of  the  fibres  are  mapped  out  into  a  large  number  of  small 
polygonal  areas — Colinheim's  areas — separated  from  each  other  by  a  clear  net- 
work of  lines.  The  darker  areas  correspond  to  the  ends  of  a  bundle  of  fibrils — 
the  so-called  muscle-prisms,  while  the  clear  material  between  them  is  the 
sarcoglia  (fig.  179). 

14.  Living  Muscle  (H). — Remove,  with  as  little  injury  as  possible,  some  of 
the  muscular  fibre  from  the  leg  of  a  water-beetle  (Dytiscus  or  Hydrophilns), 
place  the  muscle  on  a  slide  without  the  addilion  of  any  other  fluid,  and  cover  it. 
Examine  it  as  quickly  as  possible,  and  with  the  highest  available  objective. 
In  insects'  muscles  there  is  far  more  protoplasmic  matter  or  sarcoplasm  betvveen 
the  muscle  prisms  or  sarcostyles  than  there  is  in  vertebrate  muscle.  _ 

(«.)  Observe  the  alternate  cross  sti-ipes,  some  of  which  will  be  distinctly  seen, 
while  at  other  parts  they  may  be  very  close  together,  or  the  fibre  may  exhibit 
contraction  waves. 

The  dim  disc  or  band  may  exhibit  slight  longitudinal  sti'iation,  while  a 
dotted  line— Z»o6ic's  line—vnW  be  seen  running  across  the  bright  or  light  disc, 
dividing  it  into  two  so-called  lateral  discs. 

The  nuclei,  surrounded  by  a  small  quantity  of  protoplasm,  may  be  visible. 

15.  Crab's  Muscle  (Methyl-Violet).— Stain  a  fragment  of  a  crab's  muscular 
fibre  (hardened  in  alcohol  or  Muller's  fluid  and  spirit,  p.  29)  with  methyl-violet 
as  described  for  fibrin  (Lesson  III.  18).  Decolorise  it  with  Lugol's  solution  of 
iodine  in  iodide  of  potassium,  clarify  it  in  aniline-oil  and  xylol,  and  mount  it 
in  balsam.  Use  all  the  precautions  detailed  under  Weigert's  method  for  fibrin. 
In  successful  portions,  the  dim  disc,  and  it  alone,  will  be  obtained  of  a  deep 
violet. 

Do  this  with  a  contracted  fibre,  one  extended,  and  one  relaxed.  In  the 
extended  fibre  observe  that  it  is  chiefly  the  light  disc  which  has  been  elongated 
by  the  extension  (fig.  172,  B).  In  the  contracted  muscle,  the  discs  are  closer 
together  and  narrower,  while  the  fibre  is  broader  at  the  contracted  part._ 

16.  Polariscope.— An  ordinary  microscope  can  be  fitted  with  a  polariscope, 
which  consists  of  two  Kicol's  prisms  ;  one  is  placed  below  the  object,  and  is 
called  the  polariser  (fig.  180),  while  the  other,  the  analyser,  is  placed  above 
the  ocular. 

The  light  reflected  from  the  mirror  as  it  passes  through  the  polariser  is 
polarised.  With  the  analyser  in  position,  look  into  the  ocular,  and  slowly 
turn  the  analyser.  The  best  forms  are  provided  with  a  graduated  circle  to 
indicate  the  extent  of  the  rotation.  There  are  two  positions  of  the  analyser  in 
which  the  field  is  quite  dark,  caused  by  the  polarised  rays  being  cut  oft'.  This 
occurs  when  the  planes  of  polarisation  of  the  two  prisms  are  at  right  angles  to 
each  other,  i.e.,  when  tlie  Nicols  are  crossed.  Between  these  two  positions  of 
the  analyser  a  greater  or  less  amount  of  polarised  light  is  transmitted.  Certain 
transparent  histological  preparat.ions  when  placed  on  the  stage  of  the  micro- 
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scope  are  dark  when  the  Nicols  are  crossed,  others  ""der  the  same  conditions 
cause  the  light  to  reappear,  and  appear  bright  on  a  dark  field.  They  are  said 
to  be  doubly  refractive.  The  dim  disc  is  doubly  refractive  or  amsotropous, 
while  the  light  disc  is  singly  refracted,  and  is  isotrofoxhs.  _ 

Either  a  preparation  of  fresh  muscle  or  a  balsam  preparation  may  be  used. 
It  is  well  to  take  a  muscle  which  has  broad  and  distinct  stripes  to  see  the 
phenomena,  one  set  of  bands  bright  and  refractive,  and  the  others  dark  on  a 
dark  ground.  I.e.,  with  crossed  Nicols.  . 

Instead  of  a  glass-cover  slip,  cover  the  preparation  with  a  thin  slip  ot  mica, 
or  place  a  thin  plate  of  gypsum  under  a  preparation  of  striped  muscle.  The 
field  shows  various  colours,  red,  pink,  green,  &c.,  according  to  the  thickness  ot 
the  mica  plate,  the  position  of  the  Nicols,  and  the  relation  of  the  axis  of  the 
mica  to  that  of  the  Nicols.  Suppose  the  general  tint  of  the  field  to  be  pink, 
then  any  doubly  refractive  substance  assumes  a  tint  complementary  to  the  pink, 
i.e.,  of  a  greenish  hue.     On  turning  the  analyser,  the  tint  of  the  field  varies. 


Fig.  i8o.— a.  Polariser  to  fit  into  Zeiss's  large  stand  in  a  frame  under  Abbe's  condenser  ; 
B.  Section  of  A  sliowing  arrangement  of  the  prisms. 


and  with  it  the  colour  of  the  auisotropous  substance,  while  the  isotropous  sub- 
stance, being  singly  refractive,  and  having  no  effect  on  the  direction  of  the 
polarised  ray,  has  the  same  colour  as  the  field. 

The  doubly  refractive  property  is  possessed  by  bone  (p.  i8i),  smooth  muscle, 
and  the  white  fibres  of  connective  tissue. 

17.  Obliquely  striated  Muscle  of  Anodon. — Place  a  wedge  between  the 
partially  opened  valves  of  Anodon,  the  fresh-water  mussel,  so  as  to  put  the 
fibres  of  the  posterior  adductor  on  the  stretch.  The  whole  animal  may  then 
be  placed  in  dilute  alcohol,  or  I  per  cent,  potassium  bichromate,  for  two  days. 
On  teasing  a  portion,  isolated  fibres  showing  oblique  striation  are  obtained. 
Or  the  muscle  may  be  examined  fresh  in  sea-water  or  in  the  blood  of  the 
■animal. 

Retro-lingual  Membrane  of  Frog  {.Ranviar)?- — Under  the  tongue  of  the  frog 
is  a  lympli-sac  which  is  separated  from  the  buccal  cavity  by  a  thin  membrane. 
It  contains  striped  muscular  fibres  which  anastomose  with  each  other,  thus 
forming  a  plexus — in  this  resi)ect  presenting  a  peculiarity.  Cut  off  the  head, 
pull  out  tlie  tongue,  and  remove  the  membrane.  It  can  be  floated  in  salt 
solution  to  see  it.  Place  the  membrane  for  twenty-four  to  forty-eight  hours 
in  dilute  alcohol,  then  pencil  away  the  epithelium,  and  place  it  for  twenty- 


^  Comptes  Rendus,  1890. 
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four  hours  iu  dilute  methyl-violet-sB.  Wash  and  mount  in  glycerine.  The 
elastic  fibres  are  stained  of  a  bright  blue,  and  they  seem  to  spring  from  the 
ends  and  sides  of  the  muscular  plexus — also  stained  blue.  The  elastic  fibres 
are  fixed  to  the  snrcolemma — which,  however,  is  not  stained  by  the  methyl- 
violet — and  the  union  is  a  very  firm  one.  Thus  the  muscular  filires  divide, 
and  are  in  elastic  sheaths  connected  with  elastic  fibres. 

Ranvier  has  used  the  same  membrane  for  studying  the  changes  which  take 
place  in  a  striped  muscular  fibre  during  contraction. 


LESSON  XVII. 

NERVE-FIBRES. 

Nerve-fibres  are  of  two  kinds,  meduUated  and  non-meduUated ; 
the  former  are  found  chiefly  in  the  white  matter  of  the  nerve- 
centres  and  the  cerehro-spinal  nerves,  while  the  latter  occur  in 
large  numbers  in  the  sympathetic  system. 

I.  MeduUated  Nerve-Fibre. — The  essential  part  is  the  axis- 
cylinder,  a  soft,  transparent  rod  or  thread  running  from  end  to  end 
of  the  fibre,  and  composed  of  primitive  fibrils.  It  is  covered  by 
the  myelin,  or  white  substance  of  Schwann,  or  medullary  sheath, 
which  envelops  the  axis-cylinder  everywhere  except  at  the  termina- 
tion of  the  fibre  and  at  the  nodes  of  Eanvier  (fig.  i8i).  The 
myelin  gives  the  nerve-fibre  its  highly  refractive  appearance  and 
its  double  contour,  and  it  can  be  shown  to  consist  of  a  stroma  or 
network  of  fibrils  of  a  peculiar  chemical  substance  called  neuro- 
keratin, enclosing  a  semifluid  fatty-like  substance,  containing, 
amongst  other  chemical  substances,  protagon,  a  complex  phos- 
phorised  fat.  Histologically  it  consists  of  cylinder-cones  or  medul- 
lary segments,  whose  ends  are  bevelled  and  fit  one  into  the  other, 
but  separated  from  each  other  by  oblique  clefts  or  incisures. 

Outside  the  medullary  sheath  is  a  thin,  transparent,  tough  elastic 
sheath,  the  primitive  sheath,  sheath  of  Schwann,  or  neurilenmia. 
It  is  not  present  in  all  nerve-fibres,  being  absent  from  the  fibres  of 
the  central  nervous  system. 

Between  the  axis-cylinder  and  the  myelin  is  a  thin  layer  of 
matter,  called  by  Kiihne  axilemma.  By  others  it  is  regarded  as 
an  albuminous  cement. 

At  fairly  regular  intervals— about  i  mm.— along  the  course  of  a 
fibre  are  constrictions,  the  nodes  of  Ranvier,  where  the  myelin  is 
absent,  so  that  the  neurilemma  appears  to  produce  a  constriction 
at  these  points.    The  part  between  any  two  successive  nodes  of 
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Ranvier  is  an  interannular  segment,  or 
internode,  and  about  the  centre  of  this, 
under  the  neurilemma,  is  a  flattened  oval 
nucleus — nerve-corpuscle — surrounded  by 
a  small  quantity  of  protoplasm,  and  lying 
in  a  slight  depression  of  the  myelin. 
Nodes  of  Kanvier  are  absent  from  the 
nerve-fibres  of  the  brain  and  spinal  cord. 
Osmic  acid  blackens  the  myelin;  silver 
nitrate  produces  the  so-called  Eanvier's 
crosses.  The  manner  of  their  production 
is  given  in  the  text.  Nerve-fibres  do  not, 
as  a  rule,  branch  except  towards  their 
terminations. 

The  fibres  vary  greatly  in  diameter, 
some  being  only  half  as  broad  as  a  red 
blood-corpuscle  (4  /x,  yJjj^  inch),  others  as 
broad  (8  /x,  -^^yjj  inch),  and  others  broader 
still;  so  that  they  vary  in  diameter  from 
2  /X  to  20  /X. 

II.  Hon  -  Medullated  Nerve  -  Fibres. — 

They  occur  specially  in  the  sympathetic 
system,  but  are  also  present  in  the  cerebro- 
spinal nerves.  Each  fibre  consists  of  a 
bundle  of  fibrils  enclosed  in  a  transparent 
structureless  sheath.  Some  observers  doubt 
the  existence  of  this  sheath.  The  fibres 
are  somewhat  flattened ;  they  branch  and 
anastomose,  and  in  their  course  are  oval 
nuclei  (fig.  182).  As  they  have  no  myelin, 
they  are  not  blackened  by  osmic  acid,  so 
that  this  reagent  serves  to  distinguish  the 
two  kinds  of  fibres. 

Nerve-tninks  consist  of  bundles  or  funi- 
culi of  nerve-fibres,  each  bundle  containing 
a  greater  or  less  number  of  fibres.  Several 
bundles  are  held  together  by  a  common 
connective-tissue  sheath — the  epineurium. 
The  sheath  around  each  funiculus  is  com- 
posed of  lamellated  connective  tissue, 
covered  on  both  surfaces  by  endothelial 
cells,  and  is  called  the  perineurium  or 
lamellated  sheath.  Lymph  spaces  exist 
between  the  lamellae.  Delicate  fibrils  of 
connective  tissue  lie  betAveen  the  nerve- 
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Fig.  i8i.-Jredullated  Nerve- 
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fibres,  and  constitute  the  endoneurium.     The  larger  blood-  and 

lymph-vessels  lie  in  the   epineurium  and 
perineurium,  while  the  endoneurium  sup 
ports  the  few  capillaries  which  are  distri- 
buted to  the  nerve-fibres  (fig.  190). 

The  term  Sheath  of  Henle  is  applied  to 
the  prolongation  of  the  perineurial  sheath — 
usually  a  single  lamella  —  around  a  small 
branch,  or  even  one  or  two  nerve-fibres. 

The  following  statement  may  facilitate  the 
study  of  the  parts  to  be  investigated  : — 

Nerve-Fibres. 

I.  MeduUated  (chiefly  in  cerebro-spinal 
system). 

II.  Non-Medullated  (sympathetic  or  fibres 
of  Eemak). 

A.  MeduUated  Nerve  Fibre  consists  of — 

( I . )  Primitive  sli  eath,  sheath  of  Schwann 

(or  neurilemma). 
(2.)  Nerve-corpuscles  occur  under  the 
primitive  sheath  in  each  inter- 
annular  segment. 
(3 . )  White  substance  of  Schwann,  myelin, 
or  medullary  sheath  (with  cylin- 
der cones  and  incisures).  It 
contains  a  net-work  of  7ieuro- 
Jceratin. 

(4.)  Axis-cylinder,  composed  of  primi- 
tive fibrils  (surrounded  by  a 
sheath  called  the  axilemma). 
(5.)  Nodes  of  Ranvier  and  internodal  or 
inter  annular  segments  between 
two  successive  nodes. 

FIG.  i82.-Non-Meciuiiated     Eanvier's  crosses  and  Fromma7m's  lines, 
Nerve-Fibre,  Vagus  of  Dog.  obtained  by  using  nitrate  of  silver. 
SSasmsurroS^S:      Sheaths  of  a  Nerve-Trunk.— Epineurium, 

perineurium,  and  endoneurium. 
B.  Non-MeduUated  Nerve-Fibres  consist  of — 

(i.)  A  bundle  of  fibrils,  usually  enclosed  in 
(2.)  A  transparent  sheath  or  neurilemma  (^). 
(3.)  On  the  fibres  are  oval  nuclei. 
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1.  Medullated  Nerve-Fibres  (H).— Select  a  small  nerve,  e.g., 
the  sciatic  or  one  of  its  branches,  of  a  frog.  Cut  out  half  an  inch 
of  it,  and  place  it  on  a  dry  slide,  but  add  no  fluid.  Fix  one  end  of 
the  thread  by  pressing  on  it  with  any  thin  blunt  object,  e.g.,  the 
flat  surface  of  a  mounted  needle,  and  fray  out  the  opposite  end  in 
a  fan-shaped  manner  Avith  a  mounted  needle,  so  as  to  isolate  some 
nerve-fibres.  To  prevent  it  from 
drying,  breathe  on  the  specimen 
from  time  to  time.  Add  a  drop 
of  normal  saline,  cover,  and  ex 
amine  (fig.  183). 

(a.)  Observe  highly  refractive 
medullated  nerve  fibres  of  vari- 
able size,  some  as  broad  as  a  red 
blood-corpuscle  and  others  nar- 
rower. Each  fibre  has  a  double 
contour,  i.e.,  two  thin  lines  on 
each  side  of  the  centre.  The 
double  contour  may  be  inter- 
rupted here  and  there.  The 
double  contour  is  due  to  the 
white  substance  of  Schwann, 
medidlary  sheath,  or  myelin. 

{b.)  In  the   centre   a  clear 
bright  rod,  the  axis-cylinder. 

(c.)  Outside  the  myelin  is  a 
thin  transparent  sheath,  primi- 
tive sheath  or  neurilemma, 
scarcely  to  be  detected  as .  such 
imless  the  fibre  is  ruptured  or 
the  sheath  raised  from  the 
myelin,  or  stretching  as  a  funnel-shaped  prolongation  from  the  end 
of  a  torn  fibre. 

(d.)  Selecting  a  fibre  isolated  for  a  considerable  distance,  trace 
its  outline,  and  observe  at  intervals  slight  constrictions — nodes 
of  Ranvier — -Avhere  the  myelin  is  absent. 

(e.)  A  small  quantity  of  delicate  connective  tissue — endoneurium 
— with,  perhaps,  a  capillary  and  a  few  blood-corpuscles  between  the 
fibres. 

(/.)  The  myelin  tends  to  exude  from  the  ruptured  ends  of  the 
.fibres,  and  appears  as  highly  refractive  spherical  droplets — myelin 
drops — often  with  concentric  markings,  but  there  is  no  nucleus 
in  them  (fig.  183,  b).  The  myelin  drops  exude  more  rapidly  in 
a  preparation  irrigated  with  i  per  cent,  acetic  acid,  or  2  per  cent, 
caustic  soda,  or  even  with  distilled  water  alone. 


183. 

Nerve -Fibre  Ex- 
amined in  Nor- 
mal Saline.  a. 
A  short  piece  of 
the  axis-cylinder 
projecting  ;  6. 
Myelin  drops. 


Fresh  FiG, 


1 84.  —  Nerve- 
Fibre  of  Frog.  a. 
Kanvier's  node ;  6. 
Nucleus  ;  i.  Inci- 
sures ;  9)1.  Myelin 
blackened.  Osmic 
acid,  X  400. 
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Stain  the  preparation  with  picro-carmine,  and  note  that  this 
reagent  diiFuses  into  the  fibres  at  their  cut  ends  and 
at  the  nodes  of  Eanvier.  It  stains  the  axis-cyhnder 
red,  and  also  the  nerve-nuclei  or  corpuscles  which 
lie  just  under  the  neurilemma. 

2,  Nerve-Fibres  in  Osmic  Acid  (H). — A  nerve- 
fibre  is  rapidly  blackened  by  osmic  acid,  as  can  be 
shown  by  applying  a  drop  of  i  per  cent,  solution  to 
a  fresh  nerve,  but  for  good  permanent  preparations 
it  is  well  to  stain  the  nerve  after  the  action  of  the 
osmic  acid.  Place  a  small  piece  of  nerve  in  a  small 
glass  thimble  along  with  2  cc.  of  .5  per  cent,  osmic 
acid.  Cork  the  thimble,  and  after  twenty-four  hours 
thoroughly  wash  the  preparation ;  tease  it  a  little, 
and  place  it  for  twenty-four  hours  in  a  solution  of 
picro-carmine.  In  fact,  if  it  be  left  for  days  in  this 
dye  it  is  better,  as  the  fibres  can  then  be  more  readily 
dissociated.  Tease  a  small  fragment,  and  mount  it 
in  glycerine  acidulated  with  formic  acid. 

(a.)  Observe  in  each  fibre  the  myelin  stained  black. 
SI  Search  for  a  node  of  Eanvier,  a  narrow  constriction, 
and  note  that  the  myelin  is  absent  at  the  constriction, 
although  the  axis-cylinder  and  neurilemma  are  pre- 
sent (figs.  184,  a,  185).  Find  the  next  node,  and, 
between  the  two  adjoining  nodes,  the  stretch  of 
nerve — the  intemodal  or  interannular  segment 
(fig.  181). 

(6.)  In  the  interannular  segment,  just  under  the 
neurilemma,  and  lying  in  a  slight  depression  of  the 
myelin  (fig.  184,  b),  a  red-stained  oval  nucleus  sur- 
rounded by  a  small  quantity  of  protoplasm,  and 
about  midway  between  the  two  nodes  (fig.  185,  n). 
The  axis-cylinder  stained  red,  and  continuous 
throughout  the  fibre. 

(c.)  In  the  myelin  what  look  like  obUque  slits — 
incisures  —  rimniug  obliquely  outwards  from  the 
axis-cylinder  to  the  neurilemma  (fig.  185,  i).  They 
correspond  on  each  side,  and  break  up  the  myelin 
fosZio  into  a  number  of  short  lengths— cylinder  cones— 
^"'f-  the  bevelled  end  of  one  cylinder-cone  fitting  into  the 


71 
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no.  185. 

Fibre 


Acid),  a 

ofKanvier'; i.iri-  oppositely  bevelled  end  of  the  next  cylinder-cone. 
cieus^-^'i> '  Proto-  Many  cones  lie  in  an  internode 

lemma. 


(e.) 


Neuri-     [d.)  Some  of  the  fibres  are  broad,  and  others 
narrow,  about  half  the  breadth  of  the  others. 
Some  fibres  are  not  blackened  by  osmic  acid  at  all.  They 
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appear  as  flattened  bands  with  oval  nuclei  at  intervals  in 
course.  They  are  non  meduEated  nerve-fibres,  which,  as 
have  no  myelin,  are  not  blackened  by  the  osmic  acid. 

(/■.)  A  small  quantity  of  connective  tissue  and  capillaries, 
"et  a  good  view  of  the  incisures  and  nodes,  the  best  plan 
stretch  the  sciatic  or  other  nerve  of  a  frog  on  a  match  before 


their 
they 

To 
is  to 


placing  it  in  osmic  acid. 


Fig.  186.— Nerve 
with  Banvier's 
Crosses.  Silver 
nitrate,  x  30. 


In  this  way  the  fibres  are  kept  straight, 
and  the  cylinder-cones  pulled  asunder  as  far  as  possible,  thus 
making  the  incisures  wide  and  distinct. 

3.  Eanvier's  Crosses  (H). — Eapidly  tease  out  on  a  dry  slide  one 
of  the  branches  of  the  sciatic  nerve  (frog),  and  stain  it  for  five 
minutes  with  .3  per  cent,  solution 

of  silver  nitrate.  Wash  off  the 
silver,  apply  a  drop  of  glycerine, 
and  expose  it  to  daylight.  It 
rapidly  becomes  brown. 

(a.)  Observe  the  fibres,  but  at 
each  node  will  be  seen  a  brownish- 
black  cross  (fig.  186);  the  silver 
nitrate  diffuses  into  the  nerve-fibre 
only  at  the  nodes,  stains  the 
cement  joining  one  internode  with 
another,  thus  making  the  trans- 
verse bar  of  the  cross,  and  as  it 
diffuses  along  the  axis-cylinder  it 
stains  some  cement  substance  on 
the  latter,  and  thus  makes  the 

vertical  bar  of  the  cross.  Occasionally  a  number  of  transverse 
(fig.  187)  lines — Prommann's  lines — are  seen  on  the  axis-cylinder, 
i.e.,  on  the  vertical  bar  of  the  cross  (p.  210).  Place  a  sciatic  nerve 
of  a  frog  for  twelve  hours  in  i  per  cent.  AgNOg,  and  keep  it  in 
the  dark.  Wash  and  harden  in  absolute  alcohol,  and  mount 
in  balsam.  The  crosses  and  lines  are  then  seen  with  great  dis- 
tinctness. 

4.  Endothelial  Cells  of  the  Perineurium.  Intercostal,  or  other 
Small  Nerve. — (i.)  It  is  well  also  to  stain  with  silver  nitrate  one 
of  the  small  intercostal  nerves  of  a  rat  or  some  other  small  nerve. 
Stain  the  whole  nerve  in  silver  nitrate. 

(ii.)  Open  the  abdomen  of  a  frog,  remove  the  abdominal  viscera, 
so  as  to  expose  the  nerves  coming  from  the  vertebral  canal.  Pour 
on  the  nerves  .3  per  cent,  silver  nitrate.  After  three  minutes,  cut 
out  the  nerves  and  place  them  for  half  an  hour  in  fresh  .3  per 
cent.  AgNOj.  Wash  in  distilled  water,  tease  a  piece  in  glycerine, 
and  expose  it  to  light. 

(a.)  The  crosses  are  seen  as  before,  but  above  them  is  tlie 


187.  —  Nerve- 
Fibre,  a.  Node 
and  cross  of  Ran- 
vier  with  Fro- 
mann's  lines,  x 
200.  Silver  nit- 
rate. 
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endothelial  sheath  of  the  nerve-fibre,  composed  of  polygonal 
squames  (fig.  189). 

5.  Axis-Cylinder. — Harden  for  two  or  three  days  a  nerve  in 
chromate  of  potash,  tease  a  piece,  and  stain  it  in  carmine.  Observe 
the  axis-cylinder  stained  red  (fig.  188).  Or  treat  a  iine  nerve  for 
four  days  to  a  week  in  ^  per  cent,  chromic  acid  or  i-  per  cent. 

bichromate  of  potash.    On  teasing  long  stretches  of 
isolated  nerve  axis-cylinders  are  readily  found. 

6.  T.S.  of  a  Nerve. — Select  a  rather  large  nerve, 
e.g.,  the  human  sciatic,  and  harden  about  an  inch  of. 
it  in  picric  acid  for  forty-eight  hours,  or  m  2  per 
cent,  ammonium  bichromate  for  two  weeks.  Wash 
out    the  bichromate. 
Complete  the  harden- 
ing in  alcohol.  Sec- 
tions may  be  made,  and 
stained  with  logwood 
or  carmine,  but  they 
are  very  apt  to  fall  to 
pieces.     It  is  prefer- 
able, therefore,  to  stain 
the    hardened  tissue 
"in  bulk."     Place  it 
in   borax-carmine  for 
three  days,  then  trans- 
fer it  to  acid  alcohol, 
and   pass  it  through 
absolute   alcohol  and 
turpentine,  and  embed 
it   in   paraffin.  Cut 
sections,     when  the 
paraffin  keeps  all  the 
parts  in  their  places. 

Fix  a  section  on  a  slide  with  white  of  egg,  remove 
all  the  paraffin  by  placing  the  sUde  in  turpentme, 
clear  it  up  in  clove-oil,  and  mount  m  balsam. 

(a.)  (L)  Observe  the  connective-tissue  sheath — 
epineurium— or  sheath  surrounding  the  whole 
nerve,  sending  processes  into  the  nerve,— numerous 
|,undles-some  large,  others  smaller- or  funicuU  of  nerve-fibres  each 
surrounded  by  a  lamellated  sheath-permeurimn-which  sends  fine 
'p'ta-endoneurium-into  each  funiculus.  In  each  bundle  the  cut 
^nds  of  the  fibres  are  directed  towards  the  observer  (fig.  190). 

The  large  blood-vessels  are  in  the  epineurium,  and  a  few  in  the 
endoneurium. 


Fig.  188.  —  Peri- 
pheral Nerve- 
Kbre.  a.  Axis- 
cylinder;  b.  Kan- 
vier's  node  ;  c. 

"  Nucleus.  Cliro- 
mate  of  potasli 
and  carmine,  x 
200. 


Fig.  189.  —  Intercostal  Nerve  of 
Mouse,  Kanvier's  Crosses  and 
Endothelial  Covering.  AgNOs, 
X  300. 
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(b.)  (H)  Select  a  bundle.  Observe  the  perineurium,  made  up 
of  several  concentric  lamellte  with  nuclei  between  them.  The  cut 
ends  of  the  fibres  varying 
in  diameter. 

(c.)  Isote  in  each  fibre 
the  section  of  the  stained 
axis-cylinder.  Surround- 
ing this  a  clear  trans- 
parent ring,  indicating 
tlie  position  of  the  myelin, 
which  has  been  dissolved 
out  in  the  process  of  pre- 
paration. 

(d.)  Outside  this  a  thin 
circle  —  the  primitive 
sheath.  Between  the 
nerve-fibres  a  small 
quantity  of  connective 
tissue  or  endoneurium. 


Non-MeduUated  Nerve- 
Fibres. 

Fig.  igo. — T.S.  of  Several  Funiculi  of  the  Median 
If   -.T      HIT  1  n  i   1  Nerve,   v.  Perineuriiun ;  ep.  Bpineuiium ;  ed.  En- 

7.  Non-Medullated  or  doneunum. 
Sympathetic      Nerve  - 

Fibres. — -(i.)  These  are  readily  found  in  the  large  splenic  nerve  of 
the  ox,  or  in  a  portion  of  the  sympathetic  nerve  of  the  thoracic  or 
abdominal  chain.    The  nerve  has  a  pretty  thick  sheath.    Cut  this 
open,  and  cut  off  a  small  piece.    Tease  it  in 
normal  saline.     The  process  of  teasing  is 
greatly  facilitated  by  placing  the  nerve  for 
twenty-four  hours  in  dilute  acetic  acid  (5  drops 
in  100  cc.  water). 

(H)  Observe  that  there  are  very  few  medul- 
lated  fibres,  the  great  majority  being  non- 
medullated  (fig.  192).  Their  outlines  are  not 
very  distinct ;  they  are  faintly  striated  longi- 
tudinally, and  have  oval  nuclei  at  intervals. 
They  may  be  stained  with  picro-carmine. 

(ii.)  Place  the  cervical  sympathetic  nerve  of 
a  rabbit  in  .25   per   cent,  osmic  acid  for 
twenty-four  hours.     Wash  it  in  water,  and  stain  it  for  several 
hours  in  picro-carmine.    Tease  a  fragment  in  glycerine. 

(iii.)  Or  tease  the  vagus  of  a  rabbit  upon  a  dry  slide,  taking  care 
that  the  nerve  does  not  become  dry.    Cover  it  for  5-10  minutes 

O 


Fig.  191.— Non-Medullate 
Nerve  -  Fibres,  Synipa 
tlietic  Nerve  of  Enbbit, 

X  200. 
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with  I  per  cent,  osmic  acid,  wasli  away  the  osmic  acid,  add  picro- 
carmine,  and  place  the  whole  for  24-48  hours  in  a  moist  chamber 


FIG.  192.— Part  of  the  Human  Sympathetic  Nerve  m 
Osmic  Acid.  There  are  two  meduUated  fibres 
amongst  Reraak's  fibres,  x  350.  Externally  the 
epineurium,  Epn;  mP.  Medullated  fibres  with 
Rauvier'fs  nodes;  K.  Nuclei  of  Kemak's  fibres; 
7nlF.  Kemak's  fibres ;  K'.  Nucleus  of  medullated 
fibre  ;  £z.  Connective-tissue  cells. 


Fig.  193.  —  Neuro- 
keratin Network 
in  a  Medullated 
Nerve-Fibre. 


(fig.  47),  and  afterwards  displace  the  picro-carmine  by  glycerine, 

as  recommended  at  p.  82.  „ ,   ■,       ■<  ■,    r\  r>  \ 

(H)  Observe  a  few  small  medullated  fibres  (blackened  by  UsUJ, 
and  numerous  non-medullated  fibres,  some  of  which  may  be  seen  to 
branch.  Note  the  oval  nuclei  on  the  fibres  (fig.  igO-  P^^"^ 
be  taken  from  near  a  ganglion,  often  nerve-cells  may  be  seen. 


ADDITIONAL  EXERCISES. 

8  Neurokeratin  Network  and  Axis-Cylinder. -Place  the  fresh  sciatic 
nerve  of  a  frog  in  a  dilute  solution  of  ferric  chloride  consisting  ot— 
Liquor  ferri  perchloridi       .       .       •       •       ^  Pa^'"* 
Distilled  water  or  spirit      .       •       •       -3-4  pari^- 
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Fig. 


?4-- 
maim  s 


— Fi'om- 
Llnes 

on  an  Axial 
Cylinder. 


Leave  it  in  this  fluid  for  three  or  four  days.  Wash  every  trace  of  the  iron  salt 
out  of  the  preparation,  and  preserve  it  in  alcohol.  Place  small  pieces  of  the  nerve 
several  days  in  a  saturated  solution  of  dinitrosoresorcin  in  75  per  cent,  alcohol. 
Tease  a  fragment,  dehydrate  it  with  alcohol,  clarify  with  xylol ,  ^ 
and  mount  in  balsam  {Plainer).    This  is  an  excellent  method.  " 

(a.)  Observe  the  axis-cylinder  stained  green.  It  can  be 
seen  with  the  utmost  distinctness  passing  from  one  internode 
to  the  next  one,  and  across  the  nodes  of  Ranvier,  which  are 
particularly  sharply  defined.  In  the  myelin,  a  network  of 
fibres — the  neurokeratin  network — stained  green.  The  axis- 
cylinder  appears  as  distinct  as  in  fig.  193. 

(6.)  Kiihne  and  Ewald's  Method.  1 — Harden  a  nerve  for 
twenty-four  hours  in  absolute  alcohol.  Boil  it  in  absolute 
alcohol,  and  extract  it  with  ether.  To  remove  everything 
except  the  network,  a  teased  preparation  is  digested  in  pan- 
creatic juice. 

(c.)  Heidenhain's  hematoxylin  (p.  70)  may  be  used  to 
stain  nerve-fibres.  It  stains  the  axis-cylinder  and  the  neuro- 
keratin network. 

9.  Erommann's  Lines  and  Ranvier's  Crosses  (H). — Place 
a  fresh  nerve  in  .5-1  per  cent,  silver  nitrate  for  forty-eight 
hours,  and  keep  it  in  the  dark.  Wash  it  in  water,  and 
expose  it  to  light  for  2-3  days  in  equal  parts  of  formic  acid, 
water,  and  Glycerine,  and  preserve  it  in  glycerine.  Tease 
a  piece  in  glycerine. 

(a.)  Observe  the  crosses  of  Ranvier  .sharply  defined,  and  on  the  axis-cylinder 
well-defined  transverse  markings,  extending  lor  a  long 
distance  along  the  axis-cylinder.  Frommann's  lines. — If 
an  axis-cylinder  be  dislodged  from  its  fibre,  a  biconical 
swelling  may  be  seen  («).  It  corresponds  to  that  part  of  the 
axis-cylinder  opposite  a  node  of  Ranvier  (fig.  194). 

10.  Axis-Cylinder— (a. )  Action  of  Collodion  (H).— Tease 
a  fresh  sciatic  nerve  of  a  frog  without  adding  any  fluid. 
Add  a  large  drop  of  collodion  and  apply  a  cover-glass,  or 
tease  a  fresh  nerve  in  chloroform.  Examine  quickly,  as  the 
pre^iaration  soon  spoils.  The  neurilemma  is  distinct,  the 
myelin  is  transparent  and  finely  granular,  while  the  axis- 
cylinder  appears  as  a  dark  cylindrical  rod — often  with  a 
curved  course — in  tlie  centre  of  the  fibre,  and  it  may  even 
project  beyond  the  end  of  the  fibre. 

(b.)  Isolated  axis-cylinders  are  readily  obtained  from  the 
central  nervous  system  after  maceration  of  the  white  matter 
of  the  cord  in  methyl-mixture  (p.  26),  or  Miiller's  fluid  or 
ammonium  chromate. 

11.  Schwann's  Sheath.— Macerate  a  peripheral  nerve  for 
several  days  in  ammonium  chromate  (i  :  3000).  The  myelin 
is  dissolved  while  the  neurilemma  and  axis-cylinder  remain 
{Schieffardeclccr). 

12.  T.S.  Nerve,  Osmic  Acid  (H).— Stretch  a  nerve  on  a 
piece  of  wood,  and  place  it— wood  and  all— for  two  days  in 
.5  per  cent,  osmic  acid,  or,  better  still,  m  Flemmin^'s 
mixture  for  one  day.  On  the  second  day,  add  a  little  more 
osmic  acid  to  Flemraing's  mixture,  and  harden  the  nerve 
for  another  day.  It  is  better  to  embed  the  nerve  in  paraffin 
and  make  transverse  sections.    The  sections  are  fixed  on  a  slide  by  a  fixative, 

^  KUhne's  Untcrsuch.,  Heidelberg,  1878. 


Fia.  195.— Periphe- 
riil  Nerve-Fibre 
of  Frog.  ft.  Lon- 
gitudinal flbrilla) 
hi  axis-cylinder ; 
h.  T.S.  of  nerve- 
fibre.  Osmic  acid 
and  Bismarck 
brown,  x  1000. 
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the  paraffin  is  extracted  by  turpentine,  and  the  sections  mounted  in  balsam._ 
They  may  be  stained  with  a  watery  solution  of  Bismarck  bro\vn.  Instead  of 
this,  after  fixing  the  nerve  in  osmic  acid,  and  hardening  in  90  per  cent,  alcohol, 
place  it  for  24-48  hours  in  a  strong  saturated  watery  solution  of  acid  fuchsin 
(S.N.  30),  wash  in  alcohol,  embed  and  cut  in  paraffin.  The  ends  of  the  fibrils 
on  the  axis-cylinder  are  stained  red  (fig.  195). 

(a.)  Note  the  axis-cylinder  in  the  centre  surrounded  by  a  dark  ring  (figs. 
195,  196,  6),  the  myelin  blackened  by  the  OSO4.  If  the  section  of  a  nerve- 
fibre  is  through  incisures,  the  double  contour  of  the  myelin  may  be  seen 
sometimes  with  a  narrow  black  edge,  at  others  with  a  broad  black  edge 
externally. 

(6.)  If  a  piece  of  the  nerve  be  placed  for  forty-eight  hours  in  a  solution  of 
Bismarck  brown,  and  then  teased,  the  appearance  shown  in  fig.  195,  a,  is 
obtained,  when  the  axis-cylinder  presents  a  longitudinally  striated  appearance. 

13.  Size  of  Nerve-Fibres. — The  osmic  acid  method  has  yielded  the  best 
results.  Some  of  the  fibres  are  broad,  and  others  are  narrow  or  fine.  Thus  the 
anterior  roots  of  the  upper  cervical  nerves,  and  the  third  cranial  nerve,  contain 
only  broad  nerve-fibres,  while  the  second  and  succeeding  thoracic  nerves  contain 
broad  and  fine  fibres  (fig.  196).  In  nerves  going  to  muscles  there  are  many 
large  and  few  small  medullated  fibres,  while  in  nerves  going  to  viscera  the 
fine  medullated  fibres  are  far  more  abundant  than  the  broad  fibres. 


FIG.  106.— A.  T.S.  of  the  anterior  root  of  a  spinal  nerve  below  the  first  dorsal  nerve. 
B.  T.S.  of  a  part  of  a  cervical  nerve.   Osmic  acid. 


14.  Living  Nerve-Fibres  are  readily  studied  in  the  inflated  lungs  of  a  newt 
or  frog.  The  frog's  lung  is  best  kept  inflated  by  Holmgi-en's  apparatus.  ^ 
Nerve-fibres  are  also  readily  seen  in  the  tongue  of  a  frog  arranged  as  for 
studying  the  circulation  of  the  blood  (Lesson  XlX. ). 

15.  Marchi's  Method  for  Degenerated  Fibres.— Harden  a  nerve  in  Miiller's 
fluid  for  eight  days  and  then  in  the  following  fluid  ; — 

Marcld's  Fluid. 
MuUer's  fluid        .       .       •    '  2  parts. 
Osmic  acid  (i  per  cent)  .       .       i  part. 

Embed  in  celloidin  and  mount  in  warmed  balsam.  It  is  well  not  to  employ 
balsam  dissolved  in  chloroform,  as  then  the  darkened  parts  lose  their  dark 
colour.  The  degenerated  parts  of  nerve-fibres  are  black.  This  method  is 
particularly  useful  for  degenerations  in  the  nerve-centres  before  sclerosis  has 
1  Beitrage  z.  Amt.  u.  Phys.,  C.  Licdwig,  gcividrmt,  Leipzig,  1874,  p.  cxvi. 
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set  ill,  but  it  is  also  applicable  to  nerve-fibres  that  have  undergone  degenera- 
tion, e.g.,  after  section  of  a  nerve,  constituting  Wallerian  degeneration.  It 
will  also  detect  any  degenerated  fibres  in  an  ordinary  nerve. 

16.  Isolated  Schwann's  Sheath.— Place  a  stretched  nerve  of  a  frog  in  tlie 
foUowuig  Huid  for  twenty-four  hours  in  the  dark  : — 

Boveri's  Fluid. 
Silver  niti-ate  ( I  per  cent.)  .       .       .       10  cc. 
Osmic  acid  ( I  per  cent. )       .       .       .       10  ,, 

Wash  it  in  water,  and  place  for  twenty- four  hours  in  very  dilute  caustic 
potash  (2-3  drops  of  a  concentrated  solution  in  15  cc.  water).  Tease  in 
glycerine.  The  axis-cylinder  shrinks  and  Schwann's  sheath  may  be  traced  as 
a  continuous  sheath  without  any  interruptions  at  the  nodes. 

17.  Nerve-Fibres  of  the  Spinal  Cord. — These  are  devoid  of  Schwann's 
sheath,  but  they  possess  both  Ranvier's  nodes  and  incisures  of  Lantermann. 
Boveri's  fiuid  may  stain  both.  It  is  evident  then  that  these  two  structures 
havel  no  relation  to  Schwann's  sheath,  but  are  related  entirely  to  the  myelin. 
The  cylinder-cones  are  readily  isolated  by  Schieff"erdecker's  methyl-mixture 
(p.  26). 

18.  Degeneration  of  Nerve-Fibres. — This  is  readily  studied  in  the  rabbit. 
The  skin  is  first  disinfected  with  solution  of  corrosive  sublimate,  and  then  the 
median  and  ulnar  nerves  are  exposed  on  the  inner  aspect  of  the  upper  arm, 
the  nerves  divided,  and  the  wound  sealed  with  collodion  (C.  Huber).i  In 
different  animals  the  nerves  are  excised  2,  3,  4,  ...  8  or  10  days  after  the 
operation.  The  excised  nerves  are  kept  extended  on  wood  and  fixed  for 
twenty-four  hom-s  either  in  Hennann's  fluid  (Lesson  XXXV.)  or  the  picro- 
osmium  mixture  of  Benda,  prepared  by  saturating  a  i  per  cent,  solution  of 
osmic  acid  with  picric  acid  and  filtering.  They  are  then  washed  in  water  and 
hardened  in  alcohol.  The  sections  are  stained  with  safranin  and  light-green. 
Besides  showing  the  usual  degeneration  phenomena,  they  show  mitotic  division 
of  the  nuclei  of  Schwann's  sheath,  showing  that  these  proliferate. 


LESSON  XVIII. 

NERVE -GANGLIA,    NERVE -CELLS,    AND  PERI- 
PHERAL TERMINATIONS  OP  MOTOR  NERVES. 

Spinal  Ganglia. — Harden  a  spinal  ganglion  of  a  cat  or  dog  in 
2  per  cent,  animoniuni  bichromate  for  three  weeks,  and  snbse- 
quently  in  alcohol.  Make  transverse  and  longitudinal  sections 
of  the  ganglion,  stain  with  logwood  or  carmine,  and  mount  in 
balsam. 

1.  L.S.  Mammalian  Spinal  Ganglion  (L).— (a.)  Note  the  cap- 

'  Archivf.  mile,  ylnat,,  xl.  p.  409,  1892. 
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sule  (fig.  197,  c)  surrounding  the  ganglion;  nerve-fibres  (a)  enter 
the  ganglion  at  one  end  and  leave  it  at  the  other.  They  run  in 
groups,  chiefly  through  the  central  part  of  the  ganglion,  so 
that  they  are  cut  in  different  planes. 

(6.)  Numerous  spherical  cells  (Kg.  197,  h)  lying  singly  or  in 
groups  between  the  nerve-fibres,  but  chiefly  towards  the  surface. 

(c.)  (H)  Select  a  single  ganglion-cell;  note  its  spherical  shape. 


Fig.  197.— L.S.  Spinal  Ganglion,   a.  Nerve-flbres ;  b.  Nerve-cells; 
c.  Capsule  of  the  ganglion. 

its  granular  contents,  and  single,  large,  distinct,  excentrically-placed 
nucleus,  often  with  one  or  more  distinct  nucleoli  (fig.  198).  The 
nucleus  has  a  well-defined  nuclear  membrane. 

(d.)  Aroimd  each  cell  is  a  capsule,  which  is  lined  by  a  single 
layer  of  flattened  cells,  but  only  the  nuclei  of  these  cells  are  seen. 

The  cell-substance  is  frequently  somewhat  re- 
tracted from  the  capsule,  so  that  a  space  may 
intervene  between  the  two. 

In  a  T.S.  of  such  a  gangUon,  notice  the  capsule 
of  the  ganglion  sending  in  coarse  septa,  the  nerve- 
cells  near  the  circumference,  and  the  nerve-fibres 
chiefly  in  the  centre. 

2.  Isolated  Cells  of  a  Spinal  Ganglion 
(Mammal)  (H). — Into  a  dorsal  ganglion  of  a 
young  rabbit  make  an  interstitial  injection  of 
osmic  acid  (2  per  cent.).  Tease  a  small  piece  in 
picro-carmine  and  mount  the  preparation  in 
glycerine.  Sometimes  a  cell  with  its  single 
process  may  be  found.  The  cells  are  unipolar.  It  is  more  difficult 
to  find  the  connection  of  tlie  issuing  axis-cylinder  with  a  nerve- 
fibre,  forming  what  Kanvier  has  described  as  T-shaped  nerve-fibres, 
but  with  care  such  processes  can  be  found. 


Fig.  198.— Two  Cells  in 
a  Spinal  SGanglion 
(Human),  the  Proto- 
plasm shrunk  from 
the  Capsule,  x  200. 
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3.  Spinal  Ganglion  of  Frog.— These  ganglia  lie  under  cover  of 
the  small  white  calcareous  sacs  situated  on  each  side  of_  the  verte- 
bral column,  which  are  seen  at  once  when  the  abdominal  cavity 
is  opened  and  the  abdominal  viscera  removed.  Kemove  the  white 
chalky  mass,  and  the  greyish  semi-transparent  small  ganglion  will 
be  seen.  With  sharp-pointed  forceps  it  is  not  difficult  to  tear  away 
the  capsule  of  the  white  calcareous  mass.  These  sacs  contain  arra- 
gonite ;  some  of  the  crystals  are  large,  but  the  smaller  arragonite 
particles  when  examined  in  water  exhibit  Brownian  movemeut. 
Treat  it  in  the  same  way  as  directed  for  the  frog's  Gasserian 
ganglion. 

(H)  In  a  carefully-teased  specimen  (use  a  dissecting  microscope, 
p.  22),  it  is  by  no  means  difficult  to  find  large  unipolar  cells,  each 
cell  with  a  distinct  hyaline  capsule,  and  the  cell  itself  with  a 
relatively  large  nucleus  and  well-defined  nucleolus.  Moreover,  the 
continuation  of  the  body  of  the  cell  with  a  nerve-fibre  is  not 
difficult  to  establish.  The  methylene-blue  method  may  be  used 
(p.  222). 

4.  Spinal  Ganglion  of  a  Skate. — Make  an  interstitial  injection 
of  osmic  acid  (2  per  cent.)  into  such  a  ganglion.  Stain  a  piece  in 
picro-carmine  and  tease  it  in  glycerine.  Bipolar  cells  are  readily 
found.  Each  cell  shows  a  distinct  capsule  enclosing  a  nucleated 
cell  with  a  pole  at  either  end 


5.  Gasserian  Ganglion. —     fig.  199.— Bipolar  Ganglion  Cell  of  the  Spiual 


of  a  sheep  does  very  well; 
harden  it  in  the  same  way  as  for  spinal  ganglia  or  in  Midler's  fluid. 
The  same  general  arrangement  of  fibres  and  cells  is  seen,  only  the 
cells  are  larger,  and  their  protoplasm  frequently  contains  granules 
of  a  yellow  pigment.  Very  instructive  results  are  obtained  by 
double-staining  it  with  eosin  and  liEEinatoxylin,  first  with  hsemato- 
xylin  and  then  with  eosin,  or  use  eosin-hsematoxylin,  and  mount 
in  balsam.  The  nuclei  are  blue,  the  other  parts  reddish.  If  a  cell 
be  isolated  after  interstitial  injection  of  osmic  acid,  as  recom- 
mended for  spinal  ganglia,  the  cells  have  the  form  shown  in 
fig.  200. 

(6.)  A  fresh  ganglion  may  be  teased  in  salt  solution.  The  large 
spherical  cells  are  readily  isolated,  but  they  usually  shell  out  of  their 
capsule.    Stain  them  Avith  magenta  solution. 

6.  Gasserian  Ganglion  of  Frog. — Destroy  the  brain  and  spinal 
cord  of  a  frog,  remove  the  lower  jaw,  divide  the  skull  into  two  longi- 
tudinally by  a  vertical  incision.  Tear  off  the  mucous  membrane 
covering  the  roof  of  the  mouth.    From  a  foramen  just  behind  the 


(fig.  199). 


continuous  with  a  nerve-fibre 


(a.)  The  Gasserian  ganglion 


Ganglion  of  a  Skate. 
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eyeball  there  issue  a  few  fine  threads,  branches  of  the  fifth  nerve. 
Scoop  out  the  brain.  These  threads  are  readily  recognised  by  being 
usually  somewhat  pigmented.  With  a  pair  of  scissors  make  a  snip 
in  the  base  of  the  skull  at  right  angles  to  the  cut 
already  made,  Turn  up  the  bone,  and  on  the  fifth 
nerve,  which  runs  towards  the  foramen  behind 
the  eyeball,  will  be  found  a  small  oval  swelling 
surrounded  by  a  tough  capsule.  Divide  the  latter 
and  remove  the  ganglion.  I  have  usually  found 
that  the  little  ganglionic  swelling  is  somewhat 
pigmented.  At  any  rate,  it  is  easily  found  by 
tracing  the  fifth  nerve  backwards.  The  nerve  is 
accompanied  by  an  artery. 

Tease  the  ganglion  iu  .25  per  cent,  osmic  acid, 
and  let  it  stain  in  this  fluid  for  two  hours.  Stain 
it  for  several  hours  in  picro-carmine  (under  a 
moist  -  chamber,  p.  82),  tease  a  fragment  in 
glycerine.  Try  to  find  a  cell  with  its  single  pro- 
cess prolonged  into  a  nerve-fibre.  In  most  of  the 
cells,  however,  the  process  is  apt  to  be  detached. 

7.  Sympathetic  Ganglia  (Frog).— Lying  in 
contact  with  the  spinal  column  of  the  frog  is  a 
row  of  small  semi-transparent  ganglia,  the  sym- 
pathetic chain,  and  between  them  and  the  roots 
of  the  spinal  nerves  pass  fine  nerve  filaments. 
Open  the  abdomen  of  a  freshly-killed  frog,  re- 
move the  intestinal  tract  and  liver,  cut  through 
the  peritoneum  above   the   kidneys,  raise  the 
kidneys  and  excise  them.    There  will  be  seen 
the  white  nerves  issuing  from  the  cord.  Between 
these  and  the  sympathetic  ganglia  fine  nerves  run  transversely. 
Cut  out  the  sympathetic  ganglia  and  treat  them  with  chloride  of 
gold  by  the  method  (p.  79,  3);  or  cut  out  the  aorta  and  the 
adjacent  tissues,  and  subject  them  to  the  gold  chloride  method. 
After  the  piece  of  tissue  has  acquired  a  purpUsh  colour,  examine 
it  with  a  low  power  to  find  nerve-cells.    The  nerve-ceUs  may  be 
isolated  or  arranged  in  groups.    It  requires  great  care  to  get  a  satis- 
factory preparation.    Note  the  pyriform  shape  of  the  cell,  each  with 
a  lar^e  nucleus,  the  cell-substance  continued  into  a  straight  process, 
which  may  be  seen  to  be  encircled  by  a  spiral  process.    The  body 
of  the  cell  is  surrounded  by  a  well-marked  capsule,  which  is  con- 
tinued over  the  cell-processes,  and  has  nuclei  on  its  inner  surface. 

8.  Sympathetic  Ganglion  (Mammal)  (H).— Harden  the  first 
thoracic  sympathetic  ganglion  or  the  superior  cervical  ganglion  of  a 
man  or  rabbit  in  2  per  cent,  ammonium  bichromate  (2-3  weeks). 


Fig.  200.— iSrerve:Cell 
from  Rabbit's 
Spinal  Ganglion. 
X.  Nuclei  of  the 
cell  -  capsule ;  n. 
Nucleus  of  nerve- 
fibre  ;  a.  Nerve- 
fibre;  Fibre  di- 
viding at  e  at  a 
node  of  Ranvier, 
T-shaped  fibre. 
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The  veins  have  long  fusiform 


Fig.  20I.— Human  Superior  Cervical  Sym- 
patlietic  Ganglion.  A.  Small  artery ; 
C.  CapUlary;  V.  Vein;  K.  Capsule; 
iV.  Nerve-cell,  x  300. 


and  subsequently  in  alcohol.  Make  transverse  sections.  Stain  in 
picro-carmine  or  a  watery  solution  of  nigrosin  (several  hours),  and 
mount  the  former  in  Farrant's  solution,  and  the  latter  in  balsam.  _ 

(a.)  Observe  the  fibrous  capsule  of  the  ganglion  ending  in 
septa,  and  numerous  bundles  of  non-medullated  nerve-fibres  cut 
obliquely  or  transversely.    A  few  blood-vessels. 

(b.)  The  nerve-cells,  each  with  a  capsule,  showing  nuclei.  The 
nucleated  ceU- substance  is  frequently  somewhat  shrunk  from  its 
capsule,  and  at  one  side  it  usually 
contains  some  yellowish-brown  pig- 
ment granules,  especially  if  the 
human  cervical  ganglion  be  used. 
It  is  difficult  to  see  the  process, 
which  becomes  continuous  with 
a  nerve-fibre,  but  with  care  it  may 
be  seen  passing  out  of  one  or  more 
of  the  cells  (fig.  201). 

dilatations  upon  them ;  this  is  not 
unfrequently  seen  in  teased  prepara- 
tions of  a  human  ganglion,  but  can 
only  be  fuUy  demonstrated  in  an 
injected  specimen  of  the  ganglion. 

9.  Isolated  Multipolar  Nerve-CeUs  of  the  Spinal  Cord. — 
There  are  several  ways  of  jareparing  these. 

(i.)  Cut  out  a  small  part  of  the  anterior  cornu  of  the  spinal 
cord  of  an  ox,  calf,  sheep,  or  other  animal,  and  place  it  in  very 
dilute  chromic  acid  (.01  per  cent.)  or  .2  per  cent,  potassium 
bichromate  for  a  few  days,  and  do  not  change  the  fluid.  Wash, 
and  place  it  for  twenty-four  hours  in  strong  carmine  solution 
(p.  63).  Place  a  little  of  the  red  pulp  on  a  sUde,  and,  with  the 
aid  of  a  dissecting  microscope,  try  to  isolate  one  or  more  multi- 
polar nerve-cells. 

(ii.)  Or,  what  is  a  better  method,  take  small  fragments  of  the 
anterior  cornu  of  the  spinal  cord  of  an  ox  or  calf,  and  place  them 
in  dilute  alcohol  for  forty-eight  hours  or  longer.  After  this  time 
we  can  see  better  the  distinction  between  the  grey  and  the  white 
matter.  Shake  the  fragments  in  the  dilute  alcohol,  and  allow  the 
debris  to  subside.  Pour  off  the  alcohol,  and  "  fix  "  the  cells  with 
.25  per  cent,  osmic  acid  (one  hour) ;  pour  this  off',  and  stain  the 
cells  for  forty-eight  hours  with  picro-carmine.  Pour  off  the  picro- 
carmine  and  replace  it  by  glycerine-jelly.  When  the  glycerine- 
jelly  is  warmed,  a  drop  of  the  fluid  placed  on  a  slide  is  almost 
certain  to  contain  one  or  more  isolated  multipolar  nerve-cells. 
With  a  low  power  find  a  cell. 
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(a.)  (H)  Observe  the  large  size  of  the  cell  (loo  /x,  inch,  and 
therefore  visible  to  the  naked  eye),  with  numerous  processes- 
branched  processes— which  run  in  all  directions  (fig.  202).  The 

processes  branch ;  and  then 
branch  again  and  again  to 
form  a  line  protoplasmic 
system  of  processes  —  the 
protoplasmic  processes. 
One  process  is  always  un- 
branched,  it  is  by  no 
means  difficult  to  see — the 
axis-cylinder  process  — 
which  becomes  continuous 


Fig.  202.— a  Multipolar  Nerve-Cell  from  the  An- 
terior Cornu  of  the  Grey  Matter  of  the  Human 
Spinal  Cord.  a.  Axis-cylinder  process ;  b.  Pig- 
ment, X  150. 


with,  or  in  fact  is,  or  be- 
comes, the  axis-cylinder  of 
a  nerve-fibre  (fig.  202,  a). 

(b.)  The  multipolar  cell 
itself  has  no  cell-wall,  and 
it  contains  a  large,  con- 
spicuous, spherical,  nucleo- 
lated  nucleus,  the  latter 
with  a  distinct  envelope. 
The  protoplasm  is  fibrU- 
lated,  and  the  fibrils  may 
be  seen  to  stretch  into  the 
branched  processes.  Some- 
times the  cells  contain  pigment  (fig.  202,  b). 

10.  Cover-Glass  Preparation  of  multipolar  Nerve-CeUs.— 
(i.)  From  a  perfectly  fresh  cord  of  a  sheep  or  ox  snip  ofi"  a  small  piece 
of  the  anterior  cornu;  press  it  between  two  cover-glasses,  so  as  to  form 
a  thin  film.  Separate  the  cover-glasses  and  allow  the  film  adhering 
to  each  to  dry.  Float  the  cover-glass— film  surface  downwards— 
on  a  concentrated  watery  solution  of  methylene-blue  for  several 
hours.  Wash  the  cover-glass  in  water  mixed  with  alcohol,  dram  it, 
allow  it  to  dry,  and  mount  it  in  xylol  balsam  ;  the  cover-glass  can 
be  passed  through  absolute  alcohol,  cleared  with  xylol,  and  mounted 
in  xylol  balsam.    The  multipolar  nerve-cells  are  all  deeply  stained 

blue  (Thanhoffer).  .  .   .      ^    ..i     ^  n  • 

(ii )  If  the  use  of  aniline  colours  be  objected  to,  the  following 
method  gives  good  results  :- For  three  or  four  days  macerate  a  small 
part  of  the  grey  matter  of  the  anterior  cornu  in  20  cc.  of  water, 
containing  i  gram  of  each  of  the  following  :  Neutral  ammonium 
chromate,  potassic  phosphate  and  sodic  sulphate  (Landois  fluid, 
p.  26),  and  then  stain  it  in  bulk  for  24-48  hours  in  equal  parts  ot 
the  above  solution  and  strong  amnioniacal  carmine. 


XVIII.] 


NERVE-GANGLIA,  NERVE-CELLS,  ETC. 


219 


Squeeze  a  little  of  the  red  pulp  between  two  cover-glasses,  and 
treat  it  as  recommended  for  the  methylene-blue  preparation.  It 
would  be  difficult  to  get  preparations  that  surpass  in  beauty  those 
prepared  by  the  methylene-blue  method  of  Thanhoffer. 

(iii.)  Make  a  cover-glass  preparation  from  a  fresh  spinal  cord. 
Heat  one  of  them  by  passing  it  two  or  three  times  through  the  flame 
of  a  Bunsen-burner.  Thereby  the  proteids  are  coagulated  and 
partially  charred.  In  some  of  these  preparations  good  views  of  the 
blood-vessels  may  also  be  obtained. 

(a.)  Observe— especially  in  the  methylene-blue  preparation — the 
large  cells  Avith  numerous  branched  processes  ;  some  of  them  are 
very  long,  and  each  shows  distinct  fibrillation. 

(b.)  The  unbranched  axis-cylinder  process. 

(c.)  The  body  of  the  cell,  nucleated  and  nucleolated,  with  its  cell- 
contents,  traversed  by  blue-stained  fibrils,  running  in  certain  definite 
directions  through  the  cell. 

Other  forms  of  nerve-cells  are  referred  to  under  Cerebrum  and 
Cerebellum. 


ADDITIONAL  EXERCISES. 

11.  Motor  Nerves  to  Muscles.— (i.)  If  the  skin  over  the  stermnii  of  a  small 
frog  be  divided  longitadiually,  on  raising  the  skin  a  small  thin  muscle— 
miiscuhis  cutaneus  pectoris — will  be  seen  running  from  the  skin  to  the  sternum. 
Keep  the  muscle  stretched  and  "  fix  "  it  by  pouring  on  it  a  little  osmic  acid. 
Cut  out  the  muscle,  and  after  dehydrating,  mount  it  in  balsam.  It  is  apt  to 
darken  on  exposure  to  light. 

(L)  Observe  the  nerve  is  black — sending  branches  over  the  muscular  fibres  ; 
trace  these  onwards  over  the  muscular  fibres  until  a  single  nerve-fibre  is  found. 

(H)  Note  that  when  a  nerve-fibre  divides,  it  does  so  always  at  a  node  of 
Ranvier.  The  nerve-fibre  can  be  traced  to  a  muscular  fibre,  but  it  apparently 
stops  abruptly,  because  the  myelin  stops  where  the  nerve  pierces  the  sarco- 
lemma.  Other  methods  are  required  to  see  the  termination  within  the  sarco- 
lemnia. 

(ii.)  May's  Method.— Select  a  thin  muscle,  e.g.,  the  cutaneus  pectoris, 
sartornis,  mylo-hyoid,  &c.,  and  place  it  in  water  containing  2  per  cent,  glacial 
acetic  acid  for  twelve  hours.    Make— fresh — the  following  mixture  :  

4  per  cent,  potassio-gold  chloride        •       .       .       i  cc. 
2  osmic  acid         .....  i 

2       ,,       glacial  acetic  acid      .       .       .       .  50 

and  place  the  muscles  in  it  for  2-3  hours.  Then  transfer  them  to  the  following 
mixture  : —  " 


Glycerine  .       .       .       .       .       .       .       .     40  cc. 

^'ater  20  „ 

Hydrochloric  acid  (25  per  cent.)  .       .       .       .  i 


for  several  hours.  They  become  very  transparent,  and  can  be  investigated  in 
glycerme  or  Farrant's  solution. 
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12.  Nerves  of  Frog's  Sartorius. — Sujipose  tlie  sartorius  to  be  selected.  A 
beautiful  view  of  the  distribution  of  the  motor  nerves — black — is  obtained 
(fig.  203). 

The  single  nerve-trunk  enters  the  muscle  on  the  median 
aspect  and  on  its  under  surface  about  the  level  between 
the  middle  and  lowest  thirds,  Several  large  branches — 
usually  two — run  nearly  parallel  towards  both  ends  of  the 
muscle — two  longer,  towards  the  \ipper  end  of  the  muscle 
A — and  two  or  three  shorter,  towards  its  lower  end,  the 
latter  following  a  slightly  more  oblique  course.  Numerous 
branches  form  elongated  quadrilateral  meshes.  At  two 
points  in  the  muscle,  towards  its  ends,  there  are  more  fine 
laranches  than  elsewhere.  The  fibres  form  plexuses  and 
divide.  Note  specially  that  the  knee  and  pelvic  ends  are 
devoid  of  nerve-fibres. 

13.  Motor  Nerve-Endings.— (i.)  Take  a  thin  muscle, 
e.g.,  the  eye-muscles  or  intercostal  muscles  of  a  snia,ll 
mammal,  the  thin  leg  muscles  of  a  lizard,  or  the  thin 
cutaneous  muscles  which  pass  between  the  skin  and  the 
wall  of  the  chest  in  snakes,  and  stain  them  with  gold 
chloride  by  the  formic  acid  gold  chloride  method  (p.  79). 
They  must  remain  in  the  gold  solution  about  one  hour. 
The  gold  may  be  reduced,  either  in  water  acidulated  with 
acetic  acid,  by  exposure  to  the  light,  or  in  the  dark,  in 
25  per  cent,  formic  acid. 

(H)  Tease  a  piece  of  the  purplish-violet  muscle  in 
glycerine,  and  search  for  a  purple  nerve-fibre  termination 
in  an  arborescent  branched  end-plate  lying  on  the  sarcous 
substance  of  the  muscle  (fig.  204).  Nuclei  are  present  in 
the  protoplasm  of  the  end-plate. 

(ii.)  Golgi's  Method. — Place  the  muscles  of  a  newly- 
killed  lizard  for  a  minute  or  two  in  a  .5  per  cent,  solution 
of  arsenic  acid,  and  directly  afterwards  in  a  solution  of 
,5  per  cent,  solution  of  chloride  of  gold  and  potassium  for 
15-20  minutes,  and  reduce  the  tissue  in  sunlight  in  a  i  per 
cent,  solution  of  arsenic  acid.    Instead  of  the  above  gold 
solution,  use  the  following  mixture,  devised  by  Kiihne  :— 
Arsenic  acid  (.5  per  cent.)     .       .       .       .    60  cc. 
Osmic  acid  {2  per  cent.)        .       .       •       •      3  >> 
Chloride  of  gold  and  potassium  (i  per  cent.) .    12  ,, 

The  tissue  is  then  placed  in  i  per  cent,  arsenic  acid,  and  reduced  by  exposure 
to  sunlight.  The  process  may  be  gi-eatly  hastened  by  doing  the  reduction 
process  at  a  temperature  of  50°  C,  but  it  must  be  done  in  the  direct  rays  of  the 
iun.  The  pieces  of  tissue  can  be  preserved  in  the  following  fluid,  devised  by 
Mays  : — 

Glycerine  . 

Arsenic  acid  ( i  per  cent. ) 
Methylic  alcohol 
Water 

In  working  with  solutions  of  gold,  do  not  use  steel  instruments.   Tliey  must 
be  either  glass,  platinum-iridium,  or  the  substance  knoNvn  as  "ickcline 

In  birds,  reptiles,  and  mammals  the  nerve-fibres  terminate  in  "  end-plates, 
which  are  disc-shaped  bodies  lying  under  the  sarcolenima,  i.e.,  they  are  hypo^ 
lemmal  in  position,  40-60  ^  long  and  40    broad.     They  consist  of  a  finely 
granular  protoplasm  with  nuclei. 


Fig.  203.— Distribu- 
tion of  Nerve- 
Fibres  in  tlie 
Frog's  Sartorius. 
A.  Upper,  B. 
Lower  end ;  aa 
and  66.  Numer- 
ous fine  branches ; 
P.  Pelvic  end,  and 
K.  Knee  end,  with 
no  nerve-fibres. 


60  cc. 
IQ  ,, 
10 
20 


As  the  gold  chloride  stains  only  the  axis- 
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cylinder,  one  sees  its  branched  arborescent  terminations  in  the  protoplasm 
(tig.  205).     A  good  plan  to  see  the  unaltered  end-plates  is  to  examine  the 


Jferve-fibre. 


Fig.  204.— Tennination  of  a  Nerve-Fibre  in  End-Plate  of  a  Lizard's  Muscle. 


muscle  in  a  freshly-prepared  i  per  cent,  solution  of  sulphate  of  iron  or  ammonio- 
sulphate  of  iron  [KUhne,  Mays). 

14.  Prog's  Motor  Nerve-Endings.— There  is  no  "  end-plate,"  as  in  mamma- 
lian muscles,  but  the  axis-cylinder  splits  up  into  bayonet-shaped  branches 
under  the  sarcolemma.    The  myelin  is  continued  up 

nearly  to  the  sarcolemma,  but  as  the  nerve-fibre 
perforates  the  sarcolemma  and  becomes  hypolemmal, 
the  myelin  stops,  so  that  within  the  sarcolemma  the 
branches  are  pale,  and  consist  of  branches  of  the  axial- 
cylinder  only.  The  gold  method  (p.  79)  may  be  used. 
A  simple  method  is  to  stain  a  small  piece  of  a  fresh 
muscle  (e.g.,  sartorius,  near  its  middle,  not  at  the  ends) 
with  Delafield's  logwood.  It  stains  the  hypo-sarco- 
lemmal  nerve-terminations.  The  mode  of  termination 
of  nerves  in  sensory  surfaces  will  be  found  under  Skin, 
Eye,  and  the  sense-organs  generally. 

15.  Terminations  of  Nerves  in  Tendon.— This  is 
best  shown  by  one  of  the  gold-chloride  methods. 
Perhaps  the  following  by  Manfredi  is  the  best : — 

Place  the  tendinous  ends  of  the  gemelli  muscles  of  a 
rabbit  (or  the  enucleated  eyeball  with  its  muscles 
attached)  in 


Fig.  205.— End-Plate  o£ 
a  Lizard's  Muscle. 
One  end -plate  seen 
in  profile,  the  other 
from  above,  with  a 
nerve  -  fibre  axis  - 
cylinder  terminating 
in  it.  Gold  chloride, 
Golgi's  method. 


for  3  days. 
,,  30  mins. 
30  „ 

per  cent,  arsenic  acid  until  it  assumes 


Potass  bichromate  (2  per  cent.)  . 

Acetic  or  arsenic  acid  ( i  per  cent. ) 

Gold  chloride  ( i  per  cent. )      .  . 
Wash  and  leave  exposed  in  sunlight  in 
a  violet-blue  colour. 

16  Pyriform  Nerve-CeUs  (Frog).— These  are  most  readily  found  in  the 
ganglion  of  the  vagus  as  it  i.ssuos  from  the  skull.  Pith  a  frog  distend  the 
cesophagus  by  pushing  a  small  test-tube  into  it,  place  the  frog  on  its  belly 
reflect  the  skin  over  the  shoulder-blade,  divide  the  trapezius  and  remove  the 
fore-hmb.  The  vagus  will  be  seen  coming  out,  along  with  the  glo.sso-pharyn- 
geal,  through  a  large  foramen  immediately  in  front  of  the  occipital  condyle 
Clear  away  the  muscles  from  the  region  of  this  foramen,  snip  and  excise  a 


* 


222 


PRACTICAL  HISTOLOGY. 


[XVIII, 


small  part  of  the  bone,  so  as  to  trace  the  nerve  as  far  back  as  possible.  Its 
greyish  gelatinous  semi-transparent  ganglion  is  seen.  Kemove  the  nerve  with 
the  ganglion  and  place  it  for  twenty  minutes  in  i  per  cent,  osmic  acid  and  tlien 
stain  it  in  picro-carmine.  Tease  a  small  piece  in  glycerine,  and  it  is  by  no 
means  difficult  to  find  pyriform  cells,  each  with  a  large  nucleus,  usually  near 
the  broad  end  of  the  cell.  The  protoplasm  frequently  contains  lai-ge  refractile 
granules.  The  straight  process  from  the  cells  is  readily  seen,  and  with  care 
the  spiral  process  also  can  be  seen. 

The  methylene-blue  method  (p.  192)  shows  very  well  the  straight  and  the 
spiral  fibre.    Place  the  fresh  tissue  in  the  methylene  fiuid. 

17.  Isolated  Cells  of  Sympathetic  Ganglion  (Mammal). — (a.)  Tease  a  sym- 
pathetic ganglion — best  done  after  maceration  for  24  hours  in  weak  acetic  add 
(2  drops  to  100  cc.  water).    To  isolate  a  cell  showing  its  connection  with  a 

nerve-fibre  requires  much  patience. 

(J>.)  Place  a  small  piece  of  the  superior 
cervical  ganglion  of  a  rabbit  in  J  per  cent, 
osmic  acid  for  2-3  hours.  Leave  it  in  water 
for  a  day  or  two  to  macerate,  and  then 
tease  it  in  diluted  glycerine.  A  better  plan 
is  to  make  an  interstitial  injection  of  the 
osmic  a.cid.  It  requires  to  be  carefully 
teased  to  get  isolated  cells  showing  several 
nerve-fibres  passing  off  from  them. 

(H)  Note  the  spherical  cell,  with  a 
nucleated  capsule.  It  gives  off  many  pro- 
cesses, each  of  which  becomes  continuous 
with  a  nerve-fibre,  i.e.,  it  is  multipolar. 
These  cells  in  the  rabbit  usually  contain 
two  nuclei  (fig.  206). 

(e.)  Double  Impregnation  Method  of 
Bamon  y  Cayal.  —It  is  better  to  use  the 
sympathetic  ganglia,  e.g.,  G.  stellatum  of 
embryos  (dog,  rabbit),  or  those  of  new-born 
animals.  The  fresh  ganglion  is  placed  in 
Golgi's  bichromate-osinic  acid  fluid  (3  days), 
then  wash  it  with  distilled  water  and  after- 
wards with  .75  per  cent,  silver  nitrate. 
Leave  it  for  1-2  days  in  fresh  silver  nitrate 
(.75  per  cent.).  Wash  it  again,  and  place 
it  again  in  osmico-bichromate  mixture  (4- 
4h  days),  and  then  again  in  silver  nitrate. 
Sometimes  even  a  ' '  ti-eble  impregnation  "  is 
useful.  This  process — "intcnsivo"  or 
"  impregnacion  doble  " — we  owe  to  R.  y 
Cayal,  who  has  obtained  good  results  with 


Fig.  206. — Isolated  Nerve-Cell  from 
Superior  Sympathetic  Ganglion  of 
a  Rabbit.  /.  Remak's  fibres; 
n'n'.  Nuclei  of  these  fibres ;  nn. 
Nuclei  of  cell. 


it,  and    so  has  L.   SalaV  whose  paper  ^ 


contains  figures  of  his  results  and  a  resume 
of  the  literature.  He  finds  that  the  cells  are  multipolar  with  a  single 
unbranched  process  and  numerous  branclied  protoplasmic  processes. 

18.  Methylene-Blue  Method.— This  is  an  admirable  method,  and  depends 
on  the  fact  that  this  substance  stains  blue  the  axis-cylinders  or  fibrils  of 
nerves  in  vivo.  It  is  applicable  for  studying  the  terminations  of  nerve-fibres 
in  any  tissue  where  they  terminate,  and  also  for  the  connection  between  nerve 
fibres  and  nerve-cells.    When  injected  into  the  blood-vessels  of  an  animal 

^  Archiv  ital.  de  Biologic,  1893,  p.  439. 
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acts  on  the  nerves,  and  on  the  latter  being  exposed  to  the  air  tliey  become 
bhre.    It  may  also  be  applied  to  fresh  tissues. 

Inject  some  of  the  following  solution  into  the  blood-vessels  : — 

Jlethylene-blue  I  gram. 

Normal  saline     ....       300  cc. 

Or  introduce  a  3  per  cent,  solution,  or  even  the  solid  substance,  into  the 
lymph-sac  of  a  frog.  After  an  hour  or  two,  expose  a  muscle  to  the  air, 
or  use  the  cornea,  or  any  other  tissue  with  nerves  in  it,  and  on  examining 
it  under  the  microscope  the  nerves  will  be  found  stained  blue.  To  preserve 
such  specimens,  mount  them  in  a  solution  of  picrate  of  ammonia  and  glycerine 
(p.  192).  Fresh  tissues,  e.g.,  cornea  or  a  thin  muscle,  may  be  immersed  in  a 
weak  solution  of  methylene-blue  witli  the  same  result. ^ 

The  methylene-blue  method  may  be  used  for  the  study  of  nerve  terminations 
in  any  organ,  e.g.,  tlie  sense  organs,  and  in  arteries  one  can  see  most  beauti- 
fully the  plexus  of  noii-medullated  fibres  in  the  muscular  coat. 

19.  Nerve-Cells  of  Crayfish. — Select  a  small  individual  and  inject  into  its 
abdominal  cavity  I  to  2  cc.  of  a  0.2  per  cent,  solution  of  methylene-blue. 
After  8  or  10  hours,  remove  the  chitinous  covering  over  the  gangliated  nerve- 
cord  and  expose  the  latter  in  a  vessel,  which  admits  air  and  yet  prevents 
evaporation.  In  24  bom's  or  so  excise  a  ganglion  and  observe  it  in  a  drop  of 
glycerine  tinged  with  picrate  of  ammonia  {Retzius). 


LESSON  XIX. 
THE  HEART  AND  BLOOD-VESSELS. 

Heart. — The  wall  of  the  heart  consists  of— (i.)  Pericardium; 
(2.)  Myocardium;  (3.)  Endocardium. 

The  pericardium  covering  the  heart  is  a  serous  membrane 
composed  of  fibrous  tissue,  with  numerous  elastic  fibres,  and  covered 
on  its  free  surface  by  serous  endothelium.  It  is  sometimes  called 
epicardium.  The  fibrous  tissue  is  continuous  with  that  which 
invests  the  bundles  of  muscles  of  the  myocardium  itself.  Under- 
neath the  epicardium  are  the  blood-vessels,  nerves  (ganglia),  and 
the  lymphatics. 

The  myocardium  is  composed  of  striated  muscular  fibres,  whose 
characters  have  been  described  already  (Lesson  XVI.  12).  The 
fibres  are  arranged  in  bundles  separated  from  each  other  by  a 
greater  or  less  amount  of  connective  tissue,  in  which  run  the  blood- 
vessels and  nerves. 

The  endocardium  in  structure  resembles  the  pericardium,  but 
it  is  thinner.  It  consists  of  a  fibrous  basis,  with  elastic  fibres 
covered  by  a  single  layer  of  endothelium.  It  contains  a  few  smooth 
muscular  fibres. 

An  artery  consists  of  three  coats  :  — 

(i.)  Tunica  intima,  or  inner  coat,  composed  of  a  single  layer 
^  S.  Mayer,  Zeitsch.  f.  wiss,  M'ilcTOS,^  vi.  422,  1889,  gives  numerous  references. 
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of  endothelium  resting  on  an  elastic  lamina  composed  of  elastic 
netAvorks,  or  an  elastic  membrane.  In  many  arteries,  however, 
there  is  a  layer  of  connective  tissue  between  the  epithelium  and  the 
elastic  lamina— the  suh-einthelial  layer. 

(2  )  Tunica  media,  or  middle  coat,  consists  of  a  varying  number 
of  layers  of  circularly-disposed,  short,  smooth,  muscular  fibres; 
but  in  most  arteries,  and  chiefly  in  the  large  ones,  it  is  intermixed 
with  elastic  fibres  or  laminae. 

(3.)  Tunica  adventitia,  composed  of  fibrous  tissue  with  elastic 
fibres,  the  latter  especially  numerous  near  the  middle  coat. 

There  are,  however,  great  variations  in  structure  in  arteries, 
according  to  their  size  and  other  conditions. 

Veins —Speaking  broadly,  the  veins  have  the  same  general 
structure  as  the  arteries.  They  are,  however,  much  thinner,  and 
some  of  them  have  valves.  They  consist  of  three  coats  ;  the  mner 
coat  is  thinner  than  in  arteries,  and  the  elastic  lamma  thinner 


andoftenincomplete.  The  shapeof  the  -d^t^.^^^f ^^^^^^ j  ^^^^^^ 
iL  211  Y)  The  middle  coat  is  also  thinner,  and  has  less 
muscular' and  elastic  tissue,  and  relatively  more  connective  tissue 
The  outer  coat  is  relatively'  very  strong,  and  is  composed  of  fibrous 
tissue,  which  sends  processes  into  the  middle  coat.  Theie  are, 
however,  great  variations  in  the  structure  of  veins. 

Capillaries -They  form  networks  of  fine  tubes  of  unifoim 
diamSer  lifficient  to  allow  blood-corpuscles  to  pass  along  them 

a/'  n  Vrna  1  niece  in  bulk  in  borax-carraine,  and  then  place  it  foi 
Stain  a  small  piece  m  uunv  x  sections  by  the 
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preparation  is  to  make  a  transverse  section  across  both  ventricles  of 
the  heart  of  a  small  mammal,  e.g.,  guinea-pig.  This  is  best  done 
in  a  heart  stained  in  bulk. 

Sections  may  be  cut  by  means  of  a  freezing  microtome,  and  then 
stained  with  picro-carmine,  and  mounted  either  in  Farrant's  solution 
or  balsam.  In  both  cases  it  is  well  to  include  a  section  of  the  peri- 
cardium and  also  of  the  endocardium.  Transverse  sections  of  the 
papillary  muscles  are  very  instructive. 

{a.)  (L)  Observe  the  branched  and  anastomosing  fibres,  but  in 
addition  some  of  them  will  be  cut  obliquely,  and  others  trans- 
versely, with  the  nuclei  stained  (comp.  p.  199). 

(Z).)  (H)  The  faint  transverse  striation,  short  branches,  absence 
of  sarcolemma,  the  nucleus  in  the  substance  of  the  fibre,  and  the 
indistinct  cement  substance  (fig.  207). 

(c.)  The  fibrous  character  of  the  pericardium,  which  sends  fine 
septa  between  the  bundles  of  muscular  fibres.  If  the  pericardium 
be  not  included  in  the  section,  still  connective  tissue  will  be  seen 
between  the  bundles  of  fibres,  especially  in  transverse  sections  of 
these  (fig.  207,  B). 

2.  Purkinje's  Fibres  (H)  occur  under  the  endocardium  in  the 
heart  of  the  sheep  and  some  other  animals.  Open  a  ventricle  of  a 
sheep's  heart,  observe  the  network 
of  fine  glistening  lines ;  strip  off  the 
endocardium,  snip  out  a  little  piece 
of  the  heart-muscle,  and  place  it  for 
thirty-six  hours  in  dilute  alcohol  or 
5  per  cent,  ammonium  chromate  for 
two  days.  Tease  a  very  small  piece 
in  picro-carmine,  and  mount  in 
glycerine. 

(a.)  Search  for  isolated  polygonal 

cells,  each  with  usually  two  nuclei, 

and  the  edges  only  of   the  cells 

striated.     These  are  heart-ceUs  ap- 

,1  L  -i  ■     lA  !■     I^IG-  20S.— Purkinje  s  Fibres.  Dilute 

parently  arrested  m  the  process  of  alcohol,  x  300. 

striation  (fig.  208). 

3.  Endocardium  (H).— Harden  a  part  of  the  ventricle  of  the 
human  heart  in  alcohol  or  potassic  bichromate.  Make  sections  to 
include  the  endocardium. 

(a)  Observe  oval  nuclei  on  the  surface,  the  nuclei  of  the  endo- 
thelial cells.  Under  this  a  superficial  layer  of  fibrous  tissue  (fig. 
209,  a),  with  a  few  smooth  muscle-cells  {ml\  and  underneath  this 
fibrous  tissue  the  basis  of  the  membrane  {tc). 

(b.)  Outside  this  is  the  myocardium  (mc). 

4.  T.S.  Heart-Valve  (H).— Harden  a  cusp  of  a  human  tricuspid 
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valve  in  chromic  and  spirit  fluid  (two  weeks),  make  transverse 
sections,  stain  in  logwood,  and  mount  in  balsam.     Alcohol  does 

well  as  a  hardening  re- 
agent, and  the  sections 
then    be  readily 
stained  in  picro-carmine. 

(a.)  On  the  surface, 
toward  the  auricle  (A), 
note  a  superficial  layer 
of  lamellated  connective 
tissue,  which  is  covered 

tc  "rSc'ic^uIted  fibrous  tissue  ;  T«T  Muscle  °of  with     endothelium  (fig 

heart,  x  150.  2IO,  a,)  and  underneath 

this  a  fibrous  basis  with  elastic  fibres  (re). 

(b)  If  the  section  passes  through  the  insertion  of  one  of  the 
chordse  tendine^,  it  presents  the  appearance  shown  m  fig.  210,  ct 

5  Aorta  — (i )  Make  transverse  (and  longitudinal)  sections  of 
th.  human  aorta,  or  of  that  of  an  ox,  which  has  been  hardened  m 
alcohol,  or,  preferably,  in  2  per  cent,  potassic  bichromate  (ten  days). 
Stain  a  section  in  picro-carmine,  and  mount  it  m  g  ycerme 

(ii)  Another  good  method  is  to  slit  up  any  large  artery,  pm 


riG  zoq.-Endocardlum  of  Left  Ventricle  (Human). 
a.  Superflclal  layer;  ml.  Smooth  muscular  fibres ; 


vm  ,to-T  S  of  the  Cusp  of  the  Human  Tricuspid  Valve,  vertical  to  the  axis  of  the 
rusD  i  Auricular,  B.  Ventricular  surface;  a.  Superficial  lamellated  lajxr  of  the 
amicular  and  a^  of  the  ventricular  surface;  ct.  T.S.  of  one  of  the  chords  tendines, 
where  it  is  taserted  into  the  valve ;  re.  Fibrous  tissue,  the  basis  of  the  valve,  x  100. 

it  inner  surface  upwards,  upon  wood.  The  pins  must  be  close 
tof^ether  to  prevent  too  great  shrinking  of  the  tissue.  Place  it  m 
a  drv  weU-aired  place,  say  near  a  fire,  so  that  it  dries  within  a  few 
hours'  Make  transverse  sections  with  a  sharp  razor.  This  is  best 
done  by  making  a  slit  in  a  cork  and  clamping  the  dried  membrane 
in  the  slit  Place  the  sections  in  water ;  they  swell  up  greatly. 
Eemove  them,  stain  with  picro-carmine,  and  mount  in  formic 
glycerine. 
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Fig.  211.  —  L.S.  Human 
Thoracic  Aorta.  A.  In- 
ternal, B.  Middle,  and 
C.  External  coat,  x  20. 
Drying,  picro-carmine, 
and  acid  glycerine. 


(a.)  (L)  Observe  the  subdivision  into  three  coats  (fig.  211),  the 
tunica  intima  (inner),  media  (middle),  and  adventitia  (outer). 

(b.)  (H)  The  inner  coat  is  lined  by  a  layer  of  squames,  whose 
nuclei  may  be  detected  as  slight  oval  swellings  (not  seen  in  the 
dried  specimen).  Under  this  several  layers 
of  yellow  elastic  membrane,  with  a  small 
amount  of  pink-stained  connective  tissue 
between  them.  The  outermost  layer  of 
elastic  membrane  is  generally  thicker  than 
the  others,  and  marks  the  outer  limit  of  this 
coat. 

(c.)  The  middle  coat,  composed  also  of 
numerous  elastic  laminae,  stained  in  this  case 
bright  yellow,  and  between  them  patches  of 
smooth  muscle  with  a  somewhat  brownish 
tint,  and  some  connective  tissue  stained 
pink.    The  colour  of  these  two  tissues  is  quite  distinct. 

(d.)  The  outer  coat,  composed  of  white  fibrous  tissue  (pink), 
some  elastic  laminae,  and  a  few  smooth  muscular  fibres. 

It  is  obvious,  therefore,  that  elastic  tissue  enters  largely  into  the 
structure  of  the  larger  arteries. 

6.  Fenestrated  Membrane  of  Henle.— Tear  o£E  a  thin  lamella 
from  the  inner  surface  of  a  large  artery,  e.g.,  the  aorta  of  a  sheep. 
Irrigate  it  with  acetic  acid,  or  place  it 
in  35  per  cent,  caustic  potash,  and 
mount  it  in  Tarrant's  solution. 

(H)  Observe  the  elastic  laminae, 
some  of  them  with  holes  in  them 
(fig.  123).  These  laminae  tend  to 
curl  up  at  their  edges.  (See  also 
Lesson  X.  7.) 

7.  T.S.  Medium- Sized  Artery,  e.g., 
the  femoral  artery  of  a  child,  prepared 
and  stained  as  the  aorta. 

(a.)  (L)  Note  the  three  coats. 

(6.)  (H)  The  inner  coat,  with  its 
endothelium  and  internal  elastic 
lamina.  In  many  arteries  a  layer  of 
sub-epithelial  connective  tissue  lies  between  the  endothelium  and  the 
elastic  lamina.  The  elastic  lamina  is  thrown  into  folds  in  an  empty 
artery  owing  to  the  contraction  of  the  middle  coat  (fig.  212) 

(c.)  The  middle  coat  is  composed  of  several  layers  of  smooth 
muscle  arranged  circularly.  In  a  Canada  balsam  preparation  the 
nuclei  stand  out  distinctly.  Amongst  the  muscle-fibres  are  twisted 
elastic  fibres  (fig.  212). 


Fig.  212.— T.S.  Artery.    /.  Tunica 
intima;  M.  Media;  E.  Externa. 
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(d.)  The  outer  coat,  chiefly  composed  of  white  fibrous  tissue 
intermingled  with  elastic  fibres,  some  of  which  are  cut  trans- 
versely. The  elastic  fibres  are  more  numerous  towards  the  inner 
part  of  this  coat.  Here  and  there  a  section  of  a  blood-vessel  may 
be  seen. 

8.  Endothelial  Lining  of  Veins  and  Arteries. — Cut  open  the 
external  jugular  vein  of  a  rabbit  just  killed.  Pin  it  to  a  piece  of 
cork — inner  surface  uppermost — by  means  of  hedgehog-spines. 
Wash  the  internal  surface  with  distilled  water,  and  then  apply 
to  it  for  five  minutes  |  per  cent,  solution  of  silver  nitrate.  Wash 
off  the  silver,  place  the  vein  in  water  or  alcohol  and  water,  and 
expose  it  to  light.    Do  the  same  with  any  large  artery. 

(A.)  Snip  out  a  small  portion  of  the  vein,  and  mount  it  in 
balsam,  inner  surface  uppermost. 

(H)  Observe  the  "silver  lines,"  indicating  the  existence  of  a 
layer  of  polygonal  squames  composing  part  of  the  inner  coat.  The 


Pig.  2m.-A.  Epithelial  lining  of  an  artery  of  a  calf,  and  V.  of  the  jugular  vein  of  a 
,  rabbit.   The  arrows  show  the  direction  of  the  blood-stream.   Silver  nitrate. 

long  axis  of  the  squames  lies  across  the  long  axis  of  the  vein  itself 

By  foci2ing  through  the  thickness  of  the  wall,  narrow  fusiform 
areas,  bounded  by  black  lines,  may  be  seen,  indicating  the  existence 
of  the  smooth  muscular  fibres  in  the  middle  coat. 

(B.)  With  a  razor  shave  off  a  thin  layer  from  the  brown  inner 
coat  of  the  artery.    Mount  it  in  balsam.  '  ,      ,  ,n 

(H)  Observe  the  elongated  lancet-shaped  endothehal  cells  (lig. 
21^  A);  the  long  axis  of  each  cell  in  the  long  axis  of  the  tube. 
The  variation  in  the  shape  of  the  epitheUal  lining  of  vessels  seems 
to  have  relation  to  the  velocity  of  the  blood-stream  m  these 

9  Pia  Mater,  Capillaries,  SmaU  Arteries,  and  Veins  (H).— 

Carefully  remove  a  small  piece  of  the  pia  mater  from  the  bram  of 
a  sheep  recently  killed.    Lay  it  on  a  glass  plate,  outer  surface 
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lowest.  With  a  camel's-hair  pencil  dipped  ia  normal  saline  solution 
brush  away  all  the  brain  matter,  leaving  a  somewhat  villous-looking 
surface.  Cut  out  a  small  part  of  the  membrane,  and  mount  it  in 
normal  saline. 

(a.)  Find  a  capillary,  note  its  diameter,  uniform  calibre,  and  oval 
nuclei  bulging  slightly  into  the  lumen  of  the  tube. 
The  rest  of  the  wall  is  homogeneous  (fig.  214). 
Trace  it  backwards  until  the  small  artery  or  arteriole 
with  which  it  is  continuous  is  found. 

(b.)  A  small  artery  or  arteriole  with  a  thin 

outer  coat,  and  a  middle  coat  composed  of  a  single 

laver  of  smooth  muscular  fibres  arranged  circularly  Fig.  214.  — Capii- 

°  lanes  of  Bram, 

(fig.  216).  fresh,  X  100. 

(c.)  Select  a  small  vein  which  is  somewhat 
thinner  than  the  corresponding  artery ;  the  muscular  coat  is  very 
imperfect.  Irrigate  with  2  per  cent,  acetic  acid.    Nuclei  wherever 
present  come  distinctly  into  view. 

(d.)  The  oval  nuclei  of  the  lining  endothelium,  the  long  axis  of 


the  nuclei  in  the  long  axis  of  the  vessel.  Outside  this  the  elastic 
lamina  appears  as  a  somewhat  refractive  membrane  with  longi- 
tudinal folds. 

(e.)  The  vessel  crossed  transversely  by  the  long,  oval  nuclei  of 
the  muscular  fibres  of  the  middle  coat  (fig.  216).  Note  in  some 
cases  they  are  not  distributed  at  equal  distances,  but  in  groups 
(fig-  215).  One  point  must  be  particularly  studied,  viz.,  to  focus 
through  the  thickness  of  a  small  vessel,  and  observe  carefully  that 
the  appearance  of  the  vessel  varies  with  the  position  of  the  lens, 
i.e.,  whether  the  upper  surface,  lumen,  or  deeper  part  of  the  artery 
is  in  focus. 
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(/.)  In  the  outer  coat  the  elongated  fusiform  nuclei  of  the  con- 
nective tissue  cells  are  arranged  longitudinally. 

For  a  permanent  preparation,  the  pia  mater  after  being  removed 
is  hardened  in  2  per  cent,  potassic  bichromate  and  preserved  in 
alcohol.  A  thin  piece  is  selected  and  stained  v/ith  logwood  or  with 
eosin-logwood,  and  mounted  in  balsam. 

10.  T.S.  Small  Artery  and  Vein. — Select  a  small  artery  and 
vein,  harden  in  Miiller's  fluid,  stain  in  bulk  with  hsematein,  and 
cut  in  parafiin. 

(H)  Observe  the  three  coats  in  each,  but  they  are  much  thinner 
in  the  vein  than  the  artery.  In  the  former  the  intima  is  very  thin 
and  the  outer  coat  relatively  thicker  (fig.  217). 


Fig.  217.— T.S.  Small  Artery  and  Vein.   A.  Artery;  F.  Vein;  S.  Nerve. 

11.  Injection  of  Silver  Nitrate  into  Blood-Vessels.— (i.)  From 
the  aorta  inject  the  blood-vessels  of  a  rabbit  with  .25  per  cent, 
silver  nitrate.  Before  doing  so  wash  out  the  blood-vessels  with 
normal  saline  to  remove  all  the  blood,  and  then  with  distilled 
water.  Slit  up  the  intestine,  wash  out  its  contents,  and  expose  it 
to  light  in  alcohol  and  water.  Scrape  away  the  mucous  membrane, 
leaving  only  the  muscular  coats.  Dehydrate  a  small  piece  and 
mount  it  in  balsam.  It  is  easy  to  find  large  and  small  vessels  as 
well  as  capillaries. 

(a.)  (H)  Select  a  small  artery,  and  note  in  it  the  endothelial 
lining  (fig.  219,  E)  and  the  circular  muscular  fibres  mapped  out 
from  each  other  by  silver  lines  {ni). 
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Arterioles  and  SmaU  Arteries.-(a.)  (H)  Select  a  small  artery 
or  arteriole.  Note  the  layers  already  described  If  ^he  circular 
muscular  fibres  be  arranged  in  one  layer,  note  that  ^he  fibres  are 
arranged  in  alternate  groups  on  opposite  sides  of  tlie  vessel  (fig. 

"(6.f  Trace  an  arteriole  into  a  capiUary,  and  note  the  change  in 
structure,  especially  how  the  muscle  disappears  (fig.  215,  h). 

(c.)  Select  a  larger  vessel,  and  in  it  observe  the  structure  already 
described  and  shown  in  fig.  218.  ,  .    i,-  -u  +Vo,r 

(d.)  rind  capiUaries,  and  note  the  endothelium  ot  whicH  tney 


Fig.  278. — Jliddle-sized  Ar- 
tery of  Brain,  a.  Endo- 
thelium; 6.  Fenestrated 
membrane ;  c.  Middle 
or  muscular  coat ;  d. 
Adventitia ;  e.  Pigment, 
X  300. 


FlQ.  2ig.— Arteriole  of  the  Rabbit's  Small 
Intestine.  E.  Endothelial  cells  of  the 
Intima ;  m,  Circular  muscular  fibres ; 
indicated  by  silver  lines,  x  200. 
Nitrate  of  silver. 


are  composed  (fig.  220).  In  order  to  see  the  nuclei  of  these  cells, 
the  preparation  should  be  stained  with  logwood. 

(ii.)  Instead  of  a  rabbit,  the  blood-vessels  of  a  frog  may  be 
injected  in  the  same  way  from  the  aorta  or  ventricle.  Use  a  glass 
syringe.  Wash  out  the  vessels  first  with  normal  saline,  then  with 
distilled  water,  and,  finally,  inject  the  silver  nitrate  solution.  The 
bladder,  intestine,  and  mesentery  are  particularly  serviceable  for 
obtaining  small  vessels  and  capillaries. 

12.  Circulation  of  Blood. — A  day  before  the  frog  is  required, 
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Fig.  Z20. — Capillaries  Injec- 
ted with  Silver  Nitrate. 


let  the  brain  of  the  animal  be  destroyed.  An  hour  before  the  web 
is  to  be  examined,  place  two  or  three  drops  of  a  .  5  per  cent,  watery 
solution  of  curare  in  the  lymph-sac  under  the  skin  of  the  animal's 
back.    The  drug  should  not  act  too  rapidly.    After  a  hour  or  so  it 

paralyses  the  extremities  of  the  motor  nerves, 
and  thus  makes  the  frog  motionless.  A  small 
dose  of  the  drug  is  given  in  order  not  to 
affect  the  calibre  of  the  blood-vessels. 

Make  a  frog-plate  by  taking  a  piece  of 
stout  cardboard  or  thin  slip  of  wood  15  cm. 
long  (6  inches)  and  5  cm.  (2  inches)  broad. 
At  one  end  of  it  cut  a  triangular  slit  whose 
base  is  2  cm.  or  less  in  width.  Tie  a  thread 
round  the  tip  of,  e.g.,  the  third  and  fourth 
toes  of  the  hind-limb,  place  the  frog  on 
its  belly  on  the  board,  and  by  means  of 
the  two  threads  gently  stretch  the  web 
across  the  triangular  slit.  It  must  not  be 
drawn  too  tightly.  The  threads  can  be  fixed 
in  slits  made  in  the  horns  bounding  the 
triangular  aperture.  To  prevent  evaporation  from  the  frog,  it  had 
better  be  placed  in  a  moist  cotton  rag  or  surrounded  with  moist 
blotting-paper.  Moisten  the  web  with  a  drop  of  water,  and  cover 
it  with  a  narrow  fragment  of  a  cover-glass.  In  selecting  a  frog, 
choose  a  light-coloured  one. 

{a.)  (L  and  H)  Find  an  artery,  and  note  that  the  blood  flows 
from  larger  into  smaller  vessels  with  what  appears  to  be  consider- 
able velocity.  Contrast  it  with  a  vein,  in  which  the  blood  flows 
in  an  opposite  direction,  i.e.,  from  smaller  vessels— capillaries— to 
larger  ones,  but  the  current  is  slower  in  the  veins  than  in  the 
arteries.  The  walls  of  the  vein  are  slightly  thinner  than  those  of 
the  artery. 

(6.)  The  capillaries,  small  and  of  uniform  diameter,  with  the 
corpuscles  moving  in  single  flle.    The  flow  is  uniform. 

(c.)  In  the  arteries  and  veins  note  the  rapid  red  central  stream, 
or  axial  zone  of  coloured  corpuscles,  and  next  the  waU,  on  either 
side,  the  peripheral  zone  or  space  of  Poiseuille,  narrow  and  free 
from  red  corpuscles,  but  containing  a  few  white  ones  rolling  lazily 
along  the  vascular  wall  (H) 


of 


(d.)  If  a  red  corpuscle  happen  to  be  arrested  at  the  bifurcation 
a'  capillary,  other  corpuscles  impinge  on  it  and  bend  it.  As 


regains  its  shape,  so  that  the 


soon,  however,  as  it  is  dislodged  it 
red  corpuscles  are  highly  elastic.  .    .  ,  .1 

(e.)  Numerous  pigment-cells,  some  of  them  contracted,  others 
expanded,  are  visible  (fig.  144)- 
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If  desired,  the  phenomena  of  inflammation  can  readily  be 
studied  by  applying  some  irritant  to  the  web,  e.g.,  mustard  or 
creosote  (one  minute). 


ADDITIONAL  EXERCISES. 

13.  Elastic  Fibres  in  Arteries  (TliariJMiotti).— Harden  the  blood-vessel  ia 
chromic  acid,  make  sections,  and  stain  them  with  safi-anin  as  directed  in 
Lesson  X.  10.  All  the  elastic  fibres  are  purplish  or  black.  Herxheimer's 
Method  (p.  161)  also  yields  good  results. 

14.  Development  of  Blood-Vessels.— (i.)  Harden  the  omentum  of  a  newly- 
born  rabbit  in  Flemming's  fluid  for  twenty-four  hours.  Wash  it  thoroughly  to 
remove  all  the  hardening  solution,  Stain  a  piece  for  24-36  hours  in  safranin. 
Remove  the  surplus  stain  in  the  usual  way  with  acid  alcohol.  Mount  in 
balsam. 

(ii. )  Kill  a  rabbit  five  days  old  with  chloroform  ;  do  not  bleed  it.  Open 
the  abdomen,  remove  the  stomach  and  spleen,  and  attached  to  them  the 
omentum.  Place  all  in  a  saturated 
watery  solution  of  picric  acid  for  one 
hour  ;  wash  away  all  the  picric  acid,  cut 
out  a  small  piece,  stain  it  in  logwood  and 
then  with  eosin,  or  double  stain  it  at 
once  in  eosin-heematoxylin.  Mount  in 
Farrant's  solution. 

(a.)  (H)  Search  for  a  network  of  capil- 
laries, which  is  easily  found.  Try  to 
find  one  of  them  which  gives  off  a  long, 
narrow,  blunt  process.  The  process  may 
be  found  partially  channelled  (fig.  221). 
By  the  union  of  two  such  processes,  which 
ultimately  become  hollow,  new  capillary 
arches  are  formed.  The  blood-corpuscles  in  a  preparation  of  (ii.)  are  stained 
with  eosin. 

15.  Nerves  and  Nerve-Cells  in  a  Frog's  Heart. — Pith  a  frog,  expose  its 
heart,  cut  away  the  pericardium,  divide  the  frrenum  which  connects  the  pos- 
terior surface  of  the  ventricle  to  the  pericardium ;  raise  the  heart,  find  the 
sinus  venosus,  ligature  the  inferior  and  two  superior  ven£e  cavse  which  open 
into  the  latter,  make  an  incision  into  one  of  the  aorta;,  and  into  it  tie  a  fine 
glass  cannula.  Inject  normal  saline  so  as  to  wash  out  the  cavities  of  the 
heart.  Distend  the  heart-cavities  with  the  following  mixture  : — Four  parts 
of  gold  chloride  (2  per  cent.)  and  one  of  formic  acid  boiled  together  and 
allowed  to  cool.  Ligature  the  other  aorta,  so  as  to  get  the  heart-cavities  fully 
distended.  Place  a  ligature  below  the  cannula,  cut  out  the  heart  and  place  it 
for  hour  in  5  cc.  of  the  gold  mixture.  Open  the  auricles,  wash  out  the 
heart  in  water,  and  expose  it  to  light  in  distilled  water — 50  cc. — containing 
three  drops  of  acetic  acid.  Reduction  of  the  gold  takes  place  slowly  in  3-4 
days.    Gut  out  the  auricular  septum  and  examine  it  in  glycerine. 

Pyriform  nerve-cells,  each  with  a  straight  and  a  spiral  process,  will  be 
found  along  the  course  of  the  nerves  in  and  near  the  auricular  septum. 

The  nerve-fibres  in  the  auricular  septum  are  readily  found  by  using  instead 
of  the  gold  a  .2  per  cent,  solution  of  osmic  acid. 

The  Methylene-blue  method  yields  excellent  results,  if  the  fresh  auricular 


Fig.  221.— Capillaries  and  Developing 
Blood-Vessels  from  tlie  Omentum  of 
a  New-Born  Rabbit.  Flemming's 
fluid  and  safranin. 
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septum  be  placed  in  a  weak  solution  of  the  blue,  and  then  mounted  in 
ammonium  picrate  glycerine  (p.  192). 

16.  Circulation  in  the  Tongue  of  Frog.— Destroy  the  brain  of  a  frog,  and 
after  a  time  curarise  it  and  fix  it  on  its  back  on  a  fro^-plate  of  cork  with  a  hole 
cut  in  it  just  in  front  of  the  head  of  the  animal,  the  hole  corresponding  in 
size  to  that  of  the  tongue.  The  tongue  is  attached  in  front,  and  it  can  thus 
readily  be  pulled  out  of  the  mouth  so  as  to  display  its  blood-vessels  from  the 
under-surface.  Pin  out  the  tongue  over  the  hole  in  the  cork,  when  the  under- 
surface  of  the  tongue  will  be  uppermost.  Fix  the  tongue  under  the  microscope 
and  examine  it  (L).  One  can  study  the  circulation  in  its  vessels,  and  also 
observe  nerve-fibres  in  their  normal  condition. 


LESSON  XX. 

THE  LYMPHATIC  SYSTEM— SPLEEN— TONSILS— 
THYMUS  GLAND. 

The  lymphatic  vessels  have  thin  translucent  walls,  and  in  all 
essential  respects  resemble  veins  in  structure.  There  are  three 
coats  in  the  larger  vessels.  The  muscular  fibres  are  abundant  m 
the  middle  coat,  and  the  epithelium  of  the  inner  coat  is  m  some 
situations  sinuous  in  outline.  Valves  are  numerous  in  some 
situations.  The  larger  vessels  spring  from  so-caUed  lymph  capil- 
laries, which  are  usually  wider  than  blood-vessels,  and  they  unite 
with  each  other  and  form  an  irregular  plexus.  They  often  present 
dilations  and  constrictions,  and  consist  of  a  single  layer  of  endothe- 
lium with  sinuous  outlines.  They  are  without  valves,  and  open  into 
the  smallest  regular  lymphatic  vessels. 

Lymphatic  Glands.— These  vary  much  in  shape,  size,  and  colour, 
but  they  are  frequently  oval  or  kidney-shaped.  At  one  part  is  a 
depression— the  hUum— where  the  medullary  part  of  the  gland 
comes  to  the  surface,  and  where  the  blood-vessels  enter  the  gland 
and  the  efferent  lymphatic  vessel  leaves  it.  There  is  usually  only 
one  efferent  vessel  and  several  afferent  lymphatics  ;  the  latter  per- 
forate the  capsule  and  enter  the  gland  on  its  convex  side.  On 
making  a  section  of  a  gland,  with  the  naked  eye  one  can  see  that  it 
is  divided  into  a  cortical  and  a  meduUary  part.  The  gland  is 
invested  by  a  fibrous  capsule,  which  in  some  animals  contains 
smooth  muscular  fibres.  It  consists  of  two  layers,  the  outer  ot 
coarser  and  the  inner  of  finer  connective  tissue.  It  sends  somewhat 
flattened,  large,  usually  unbranched,  septa  or  trabecule  into  the 
cortex,  thus  dividing  it  into  a  series  of  compartments  or  alveoli 
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(ficr  222)  These  trabecule  are  continued  into  the  medulla,  where 
they  branch,  become  finer,  and  anastomose  to  form  an  irregular  net- 
work. The  lymphoid  tissue  lies  in  the  meshes  of  this  trabecular 
framework,  but  everywhere  separated  from  it  by  a  lymph  smus  or 
lymph  chamiel. 

In  the  cortex  the  alveoli  are  arranged  in  a  regular  manner,  and 
the  greater  part  of  each  alveolus  is  occupied  by  a  mass  of  adenoid 
tissue  crowded  with  leucocytes ;  but  this  follicular  substa,nce  is 
everywhere  separated  from  the  capsule  and  trabeculae  by  a  lymph 
sinus,  traversed  by  a  network  of  fine  fibrils  with  flattened  ceUs 
lying'  on  them  at  the  points  of  intersection.  The_  network 
is  coarser  than  that  of  the  adenoid  tissue,  and  it  contains  a  few 
leucocytes.  It,  as  well  as  the  trabeculae,  is  covered  by  a  layer  of 
sinuous  endothelium.  The  medulla  is  also  occupied  by  adenoid 
tissue  crowded  with  leucocytes,  but  the  lymphoid  tissue  forms 


Pig.  222.— I-.S.  Cervical  lymph  glands  of  Dog.  c.  Capsule  ;  s.  Lymph  sinus ;  J''.  Follicle  ; 
a.  Medullary  cord  ;  6.  Lymph  paths  of  the  medulla ;  V.  Section  of  a  blood-vessel ; 
HF.  Pibrous  part  at  the  hilum,  x  10. 

branching  or  anastomosing  cords — medullary  cords — each  one  sur- 
rounded by  its  lymph  sinus.  The  medullary  cords  are  continuous 
with  the  follicular  substance  in  the  cortical  alveoli.  Near  the  centre 
of  the  lymphoid  tissue  of  the  alveoli  are  clearer  areas,  the  lymph- 
knots  or  germ-centres.  In  them  mitosis  goes  on  rapidly,  but  it 
requires  a  high  power  to  discern  the  stages  of  the  division  of  the 
nuclei.  The  lymph  sinuses  are  continuous  throughout  the  gland, 
and  they  are  the  channels  through  which  the  lymph  moves.  Some 
glands  are  pigmented. 


LYMPHATIC  GLANDS. 

1.  Lymphatic  Glands. — Harden  in  5  per  cent,  ammonium 
bichromate  or  alcohol  the  lymphatic  glands  of  the  mesentery  of  a 
cat  or  calf,  or  those  found  in  the  neck  or  under  the  lower  jaw  of  a 
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cat.  For  the  germ-centres  harden  a  small  gland  in  Flemming's  fluid 
and  stain  with  safranin.  Make  sections  including  both  poles  of  the 
gland  and  the  hilum.  Stain  them  with  logwood  and  then  with 
eosin.    Mount  in  balsam. 

(a.)  (L)  Observe  the  capsule  (fig.  222,  c)  surrounding  the  gland, 
and  sending  at  fairly  regular  intervals  septa  or  trabecudse  into  the 
substance  of  the  gland.  The  trabeculse  and  capsule  are  stained  by 
the  eosin.  The  trabeculse  are  flattened  in  the  outer  part  or 
cortex,  and  divide  it  into  compartments — follicles  or  alveoli  (F). 
The  trabeculse  are  continued  into  the  central  part  or  medulla, 
where  they  form  a  network  of  smaller,  branched,  more  rounded 
trabeculse. 

(&.)  The  compartments  in  the  cortex  are  nearly  filled  by  leuco- 
cytes lying  in  a  meshwork  of  adenoid  tissue  constituting  .the 
folUcles  (cortical  nodules)  of  the  cortex  (fig.  222,  F).  Between 
the  trabeculse  of  the  medulla  the  leucocytes  are  equally  abundant. 
Owing,  however,  to  the  arrangement  of  the  trabeculse,  they  form 
medullary  cords,  but  everywhere  the  adenoid  tissue  is  continuous 
throughout  the  gland. 

(c.)  The  lymph  chamiels  (s)  exist  between  the  capsule  and  the 
follicles,  and  between  the  trabeculse  and  the  lymphoid  tissue  of  the 
cortex  and  medulla  (figs.  222,  223).  They  form  an  anastomosing 
system  of  paths  or  channels  throughout  the  gland,  and  are  traversed 
by  a  fine  network  of  coarse  adenoid  tissue  with  comparatively  few 
leucocytes  in  its  meshes  (fig.  223). 

(d.)  (H)  The  capsule  and  trabeculse,  chiefly  composed  of  connec- 
tive tissue,  and  in  some  animals  (ox)  with  smooth  muscular  fibres. 
Continuous  with  its  under  surface  is  a  delicate  network  of  adenoid 
tissue,  which  stretches  across  the  lymph  channel  to  the  folhcle, 
where  it  becomes  continuous  with  the  adenoid  tissue  supporting 
the  leucocytes  (fig.  223).  Between  the  trabeculse  and  the  medul- 
lary cords  in  the  cortex  similar  lymph  paths  with  an  adenoid  net- 

(e.)  The  follicles  and  medullary  cords,  everywhere  crowded  with 

leucocytes.  t  ,    .  i 

2.  Adenoid  Reticulum.— (i.)  As  this  is  largely  obscured  by  the 
presence  of  the  leucocytes,  these  must  be  got  rid  of.  This  is  readily 
done  by  making  sections  of  the  lymph  gland  of  an  ox,  hardened  for 
two  or  three  days  in  5  per  cent,  ammonium  bichromate,  and  then 
shaking  the  sections  in  a  test-tube  containing  water,  or  the  leuco- 
cytes may  be  "  pencilled  "  out  by  a  camel's-hair  pencil. 

(ii )  A  better  method,  perhaps,  is  to  inject  by  the  puncture 
method  (p.  237)  a  I  per  cent,  solution  of  silver  nitrate  into  the 
lymph  t^land  of  an  ox.  The  fluid  being  driven  in  forcibly,  causes 
an  artificial  oedema  and  forces  the  parts  asunder.     Harden  m 
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Fig.  223.— Lymph  Sinuses  from  the  Medulla  of  a 
Lymphatic  Gland.  T  and  T.  Trabeculfe ;  L. 
Lymph-path;  M.C.  Medullary  cord.  Silver 
nitrate  and  hsematoxylin,  x  300. 


alcohol,  stain  in  logwood  and  eosin,  and  mount  in  balsam.  The 
reticulum  in  the  ox  has  a  brownish  appearance  from  the  deposition 
of  a  brownish  pigment.  Sinu- 
ous outlines  of  endothelial 
cells  may  be  seen  on  the  tra- 
beculse,  and  branched  cells  of 
the  lymph  sinus  (fig.  223), 
and  even  the  follicular  sub- 
stance. It  is  continuous  with 
the  endothelial  lining  of  the 
lymphatic  vessels. 

3.  Injection  of  the  Lymph 
Chaimels. — Fill  a  hypoder- 
mic syringe  with  a  watery 
solution  of  Berlin  blue,  force 
the  nozzle  of  the  syringe  into 
a  small  lymph  gland  of  an 
ox,  and  inject  the  blue  fluid 

haphazard  into  the  gland.  The  blue  passes  into  the  lymph 
channels.  Harden  in  alcohol.  Make  sections  by  freezing,  stain 
them  with  picro-carmine,  and  mount  in  Tarrant's  solution. 

(L)  The  channels  are  filled  with  a  blue  mass,  while  the  leuco- 
cytes are  red  and  the  septa  yellowish-red.  The  blue  mass  lies  under 
the  capsule,  and  in  the  lymph  paths  around  the  trabecula.  Notice 
the  diiference  in  the  distribution  of  the  blue  mass  in  the  cortical 
and  medullary  parts  of  the  gland.  If  it  be  desired  to  study  the 
endothelium  covering  the  trabeculse,  inject  the  gland  as  above,  but 
with      per  cent,  silver  nitrate,  and  harden  in  alcohol. 

4.  Central  Tendon  of  Diaphragm. — Lave  the  central  tendon  of 
the  diaphragm  of  a  newly-killed  rabbit  in  distilled  water.  Place  it 
for  an  hour  in  .2  per  cent,  silver  nitrate  in  a  dark  place.  Remove 
it,  wash  again,  and  place  it  for  twenty-four  hours  in  water  contain- 
ing a  Uttle  alcoholic  solution  of  thymol  (10  per  cent.),  or  a  drop 
of  carbolic  acid  to  prevent  the  formation  of  fungi.  Maceration  in 
water  enables  the  endothelium  on  the  surface  to  be  readily  pencilled 
oS".    Mount  it  in  balsam. 

(L)  Examine  the  pleural  surface  with  the  naked  eye  or  with  a 
lens,  and  a  plexus  of  lymphatic  vessels — clear  on  a  dark-brown 
ground — will  be  seen  (fig.  224).  The  vessels  anastomose,  and  lead 
into  narrow  vessels,  which  run  more  or  less  parallel  to  each  other, 
and  correspond  to  inter-tendinous  spaces. 

(H)  Observe  the  dilations  and  constrictions  in  the  finer  lymphatic 
vessels,  and  their  sinuous  epithelium  (fig.  225,  L),  and  the  com- 
munications between  the  cell-spaces  and  the  lymphatics.  (Lesson 
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5.  Septum  Cisternse  Magnse  Lymphaticse. — Open  the  abdomen 


Fig.  224.— Lymphatic  Vessels  of  the  Central  Tendon  of  the  Diaphragm  of  a  Rahhifc,  the 
lining  endothelium  shown.  Silver  nitrate. 

of  a  newly-killed  frog  and  remove  the  intestines.    Turn  the  frog 


FIO  22^  -Pleural  Surface  of  the  Central  Tendon  of  Diaphragm  of  Rabbit.   L.  Lj-niphatic 
vessel  lined  with  sinuous  endothelium;  c.  Cell-spaces  of  connective  tissue.  Siher 


nitrate,  x  no. 


on 


its  belly.    Cut  through  the  vertebral  column  at  its  lower  end, 
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raise  it  and  cut  out  a  square  window— about  |  incli  in  diameter, 
includincr  the  whole  of  the  posterior  body-wall.  This  exposes  the 
dorsal  surface  of  a  thin  membrane,  the  septum  of  the  great  lymph- 
sac  It  is  attached  to  the  kidneys  on  each  side.  Pin  the 
membrane,  by  means  of  hedgehog-spines,  to  a  thin  ring  of  cork 
with  a  hole  in  it.  Wash  the  membrane  with  distilled  water  and 
place  it  for  ten  minutes  in  .5  per  cent,  silver  nitrate  solution.  Wash 
it— still  on  its  ring  of  cork — in  distilled  water,  and  expose  it  to 
lio-ht.  After  it  has  become  brown,  cut  it  into  pieces,  and  mount 
them'  in  Tarrant's  solution,  one  with  the  peritoneal  surface  upper- 
most, the  other  with  its  dorsal  surface  uppermost. 

A.  '  (H)  Peritoneal  Surface. — Observe  the  slightly  sinuous 
"  sdver  lines,"  indicating  the  existence  of 
a  single  layer  of  endothelium.  Here  and 
there°small  stomata  or  openings,  which 
lead  from  the  peritoneal  cavity  to  the  great 
lymph-sac  (fig.  226).  The  stomata  may 
be  closed  or  open,  and  are  recognised  by 
their  brownish  appearance.  They  are  sur- 
rounded by  a  few  finely-granular  brown- 
stained  cells  — germinating  epithelium. 
The  pointed  angles  of  several  of  the  larger 
endothelial  cells  radiate  from  these  aper- 
tures. 

Focus  through  the  thickness  of  the 
membrane,  and  note  its  fibrous  character. 
On  the  deeper  surface  another  layer  of 
endothelial  cells  comes  into  view.  They 
are  more  sinuous  and  narrower  than  those 
on  the  peritoneal  surface. 

B.  The  Dorsal  or  Cisternal  Surface. — Observe  the  more  sinuous, 
polygonal,  and  broader  endothelial  cells  covering  this  surface  of 
the  membrane  ;  and  the  other  openings  of  the  stomata. 

The  serous  cavities  communicate  by  means  of  stomata  with  the 
lymphatic  system.  Stomata  occur  on  the  pleura,  under-surface  of 
the  diaphragm,  and  mesentery. 


Fig.  226.  —  Endothelium  and 
Stomata  ot  the  Peritoneal 
Surface  of  the  Septum  Cis- 
ternse  Lymphatlcaj  Magna: 
of  the  !Frog,  x  200. 


THE  TONSILS, 

6.  Tonsils.  Use  those  of  rabbit  or  cat,  as  the  human  tonsil 

does  not  give  such  good  results.  Fix  them  in  Kleinenberg's 
fluid  (12  hours),  and  then  harden  in  gradually-increasing  strengths 
of  alcohol.  Or  use  mercuric  chloride  or  Flemming's  fluid  (3-6 
hours).    Make  sections  by  the  paraffin  method,  and  stain  them 
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■with  logwood  or  logwood  and  eosin,  and  mount  in  balsam.  Sections 
may  be  stained  first  in  acid-heematoxylin  and  then  counter  stain 
them  with  eosin.  For  the  lymph-knots  or  germ-centres  stain  with 
safranin  and  counter  stain  with  picric  acid. 

For  fixing  the  sections  on  a  slide,  GuUand  ^  uses  a  modification  of 
the  capillary-attraction  method  of  Gaule.  The  sections  in  parafiin 
are  placed  in  warm  water  as  recommended  by  Gaskell.^  Float  the 
sections  on  to  a  slide,  pour  off  the  surplus  water,  and  expose  the 
slide  for  several  hours  to  a  temperature  under  that  of  the  melting- 
point  of  the  embedding  paraflin.  When  dry  remove  the  paraffin 
by  xylol  and  then  stain  the  sections.  They  adhere  to  the  slide  by 
capillary  attraction. 

(L)  Observe  on  the  surface  the  stratified  squamous  epithelium, 
and  under  it  numerous  round  or  oval  aggregations  of  adenoid  tissue 
(fig.  227).  These  form  but  imperfect  nodules.  Pit-like  recesses 
are  seen,  lined  by  stratified  epithelium,  and  into  them  mucous  glands 
sometimes  open. 

(H)  Trace  some  of  the  leucocytes  of  the  adenoid  tissue  upwards 


FIG  ^227  -Single  FoUicle  of  Tonsil,  x  20.  i.  Cavity  of  follicle;  2.  Epithelium  infil- 
trated °vith  leucocytes;  3-  Adenoid  tissue ; /i,  2,  and  3-  Follicles  cut  in  various 
toections!/!  with  1  lyAiph-knot ;  4.  Fibrous  sheath;  5.  Section  of  duct  of  mucous 
gland ;  6.  Blood-vessel. 

between  the  epithehal  cells,  so  that  the  epithelial  layer  is  at  places 
infiltrated  with  leucocytes. 

1  Jour,  of  Anat.  and  Phys.,  xxvi.,  1891,  p.  56. 

2  Quart.  Jour.  Micros.  Sd.,  xxxi.,  1891,  p.  382. 
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THE  THYMUS  GLAND. 


This  gland  is  very  large  in  the  embryo  and  infant,  hut  it  begins 
a  retrograde  development  about  the  sixth  year,  and  is  eventually 
replaced  by  fat  and  connective  tissue.  In  the  rabbit  it  retains  its 
structure.  It  is  composed  of  a  number  of  lobes,  and  these  again  of 
smaller  lobules.  A  capsule  composed  of  connective  tissue  holds 
all  together,  and  sends  in  septa — carrying  blood-vessels  and  lym- 
phatics—between the  lobes  and  lobules,  and  also  fine  prolongations 
into  the  interior  of  the  latter.  There  are  no  smooth  muscular  fibres 
in  the  septa.  Each  lobule  consists  of  a  cortical  and  a  meduUary 
part.  Within  each  lobule  is  a  delicate  network  of  reticular  con- 
nective tissue,  finer  and  more  like  adenoid  tissue  in  the  medulla. 
It  appears  to  consist  of  branching  cells,  and  is  coarser  in  the  cortical 
part.  The  meshes  are  crowded 
with  leucocytes,  which,  however, 
are  most  abundant  in  the  cortex. 
The  medullary  substance  contains 
the  concentric  corpuscles,  like 
nests  of  concentrically-arranged 
flattened  epithelial  cells  (fig.  228). 
The  blood-vessels  run  along  the 
septa  and  form  a  capillary  plexus 
within  the  lobules. 

7.  Thymus  Gland. — Harden 
the  thymus  of  a  young  animal 
or  child  in  Miiller's  fluid  (three 
weeks),  and  then  in  gradually- 
increasing  strengths  of  alcohol.  Sections 
mounted  in  balsam. 

(a.)  (L)  Observe  the  capsule  sending  septa  between  the  larger 
lobules,  and  finer  septa  into  the  lobules,  thus  subdividing  them  into 
smaller  secondary  lobules.  Each  such  small  lobule  is  about  1  mm. 
in  diameter,  and  as  one  is  exactly  like  the  others,  it  suffices  to 
study  one. 

{b.)  A  darker,  denser  peripheral  zone,  the  cortex,  and  a  more 
open  light  central  part  or  medulla,  the  former  surrounding  the  latter 
(fig.  228). 

(c.)  (H)  The  septa  consist  of  fibrous  tissue  with  some  elastic 
fibres,  with  numerous  blood-vessels  and  slits  ;  the  latter  are  the 


riG.  228.— Section  of 
Child's  Thymus. 


lary  part ; 

X  20. 


a  Few  Lobules  of  a 
a  Cortical,  M.  Medul- 


c.    Concenti'ic  corpuscles, 


stained  with  logwood  are 


lymphatics.  The  lobule  consists  of  adenoid  tissue- 
not  visible  because  it  is  crowded  with  leucocytes. 


-the  mesh-work 


Q 
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(d.)  k  variable  number  of  concentrically-striated  bodies,  con- 


Fia.  220.— Injected  Lobules  of  Thymus  FiG.  230.— Elements  of  the 

of  a  Cat.   a.  Cortex  ;  &.  Medulla  ;  Thymus  Gland,  a.  Leu- 

c.  Blood-vessels ;  d.  Septum  of  oocytes ;  6.  Concentric 

connective  tissue.  corpuscle,  x  300. 


centric  corpuscles  or  Hassall's  corpuscles.  Sections  of  capillaries 
amongst  the  adenoid  tissue  (fig.  230). 


THE  SPLEEN. 

The  spleen,  like  tbe  thymus,  thyroid,  and  some  other  glands, 
is  a  "ductless  gland,"  and  is  invested  by  a  fibrous  capsule.  The 
capsule  consists  of  an  outer  layer  of  connective  tissue  covered  by 
endothelium— the  serous  or  peritoneal   covering— and  a  deeper 
layer  of  connective  tissue  with  networks  of  elastic  fibres,  and  in 
some  animals  (dog,  cat,  pig)  smooth  muscular  fibres.    From  the 
deeper  surface  of  the  latter  flattened  or  rounded  trabeculse  pass  into 
the  organ,  and  as  they  do  so  they  branch  and  anastomose,  thus 
forming  a  spongy  meshwork  with  a  labyrinth  of  communicating 
spaces.   These  spaces  are  filled  with  a  reddish -purple  soft  substance, 
the  splenic  pulp.    The  blood-vessels  are  ensheathed  by  connective 
tissue,  to  which  the  trabeculse  are  attached.    The  red  colour  of  the 
pulp  is  due  to  the  large  number  of  blood-corpuscles.    The  trabe- 
cular framework  is  continuous  with  the  connective  tissue  entering 
the  organ  along  with  and  covering  the  blood-vessels—"  adventitial 
sheath  "—at  the  hilum  of  the  organ.    In  the  splenic  pulp  are  small 
spherical  whitish  bodies— Malpighian  corpuscles  (0.2-0.7  mm.). 
The  Malpighian  corpuscles  are  small  groups  of  leucocytes  de- 
veloped here  and  there  in  the  adventitia  of  the  splenic  artery. 
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CapsiUe. 


Trabeculce. 


In  the  guinea-pig  the  lymphoid  mass  forms  almost  a  continuous 
covering. 

The  Malpighian  corpuscles  occur  chiefly  at  the  bifurcations  of 
the  artery,  so  that  the  artery  perforates  them  usually  at  one  side, 
and  thus  the  mass  is  arranged  in  a  lob-sided  manner  on  the  artery. 
In  structure  they  resemble  the  follicular  substance  of  lymphatic 
glands,  and  in  the  centre  of  some  of  them  is  a  lymph-knot,  in  which 
mitosis  occurs. 

The  splenic  pulp  consists  of  a  mesh-work  composed  of  branched 
cells  with  membranous  expan- 
sions, and  the  processes  of 
neighbouring  ceUs  anastomose 
to  form  a  fine  reticulum,  which 
occupies  the  irregular  chambers 
of  the  trabecular  framework, 
and  with  which  it  is  continu- 
ous. The  meshes  of  this  fine 
network  are  occupied  by  cellu- 
lar elements  in  considerable 
variety.  This  reticulum  is  per- 
meated by  blood-corpuscles — in 
fact,  the  blood  stream  of  the 
spleen  seems  to  bear  the  same 
relation  to  this  reticulum  that 
the  lymph  stream  bears  to  a 
lymph  gland.  Besides  red 
blood  -  corpuscles  there  are 
larger  cells  called  splenic  cells  ; 
some  of  these  often  contain 
degenerated  blood-corpuscles  or 
pigment.  There  are  also  leuco- 
cytes (fig.  232).  The  arteries 
enter  the  spleen  at  the  hilum, 
and  run  for  a  short  part  of 
their  course  in  the  trabeculse, 
which  they  soon  leave,  enter 


Malpighian 
corpuscles. 


Pulp. 


Trabecula. 


Artery. 


Fig.  231.— T.S.  Part  of  the  Human  Spleen. 
Miiller's  fluid,  hajmatoxylin,  x  10. 


the 


reticulum,  and  break  up  into 
pencils  or  groups  of  small  arteries.  Some  of  these  open  into  true 
capillaries  in  the  Malpighian  corpuscles  ;  other  fine  branches  open 
directly  into  the  reticulum.  The  endothelial  lining,  instead  of 
forming  a  continuous  membrane,  leaves  apertures  between  the  cells, 
through  which  the  blood  escapes.  The  veins  arise  from  the  spaces 
of  the  reticulum,  and  rapidly  pass  into  the  trabeculse,  in  which  they 
are  firmly  fixed.  Near  the  hilum,  and  for  part  of  their  course,  the 
arteries  and  veins  lie  in  a  "  common  sheath,"  with  the  corresponding 
The  vein  is  always  much  wider  than  the  corresponding 


nerves. 
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For  the  nerves 


artery.    The  lymphatics  are  not  very  numerous. 

S66  Lesson  X-A^II.  '7. 

8.  Spleen.  Tie  the  blood-vessels  at  the  hilum  of  the  spleen  of  a 

cat,  so  as  to  keep  the  blood  in  the  spleen.  Cut  it  out  and  place  it 
in  a  large  volume  of  Miiller's  fluid  (two  weeks)  or  2  per  cent, 
bichromate  of  potash.  Wash  it  thoroughly  in  running  water  for  an 
hour  or  two.  Cut  out  small  pieces  and  harden  them  m  alcohol. 
Make  transverse  sections,  i.e.,  across  the  long  axis  of  the  organ ; 
stain  one  in  logwood,  and  mount  in  balsam.  Other  sections  are  to 
be  stained  in  picro-carmine  and  mounted  in  Warrant's  solution,  and 
a  thin  set  placed  in  i  per  cent,  osmic  acid  (twenty-four  hours)  and 
mounted  in  Farrant's  solution.  This  sharpens  the  outlines  of  the 
elements.  Stain  other  sections  in  eosin-logwood  or  saframn  (forty- 
eight  hours).  .  > 

9.  T.S.  Spleen  (L)  {Cat;  hcematoxylin  or  eosin  SLndJicematoxyhn). 
— The  Malpighian  corpuscles  are  visible  as  small  blue  spots  to  the 

"""SI  ExternaUy  the  capsule,  fibrous,  thick,  firmly  adherent  and 
closely  applied  to  the  organ,  sends  trabeculse  into  the  spleen,  where 
they  branch  and  anastomose  to  form  a  trabecular  framework,  bome 
of  them  will  be  cut  longitudinally,  others  obliquely,  and  some  trans- 
versely    In  the  larger  trabeculse,  sections  of  large  blood-vessels 


Fia.  232.-Elements  of  Human  Splemc 
Pulp.  1.  Leucocytes;  2.  Epithelial 
cells;  3.  Coloured  blood-corpuscles; 
4.  Cells  containing  pigment-granules. 


Fig.  233.— Reticulum  of 
the  Splenic  Pulp. 


^fia  2^i)  Note  that  there  is  no  lymph  space  between  the  capsule 
and  the  gland  substance,  as  is  the  case  in  lymph  glands.^ 

(&  )  FHling  the  interstices  of  this  network,  the  splenic  pi^p  and 
in  it  ova  or  bounded  bodies-Malpighian  or  splenic  coiTuscles- 

WuP  stained  bodies  contrasting  with  the  yellowish  brown  pulp  in 
wh?  rttTnl  In  the  centre  of  each  is  a  lighter  area,  the  "germ- 
^ntre"  of  Flemming.  In  each  corpuscle  a  section  of  a  smaU 
artty  lyi^g  excentricky  in  the  mass.    The  splenic  corpuscles  are 


XX.] 


THE  SPLEEN. 


245 


small  lob-sided  aggregations  of  lymphoid  tissue  around  branches  of 
the  splenic  artery.  They  are  relatively  more  numerous  than  in  the 
human  spleen.  The  track  of  the  blood  in  the  pulp  is  mapped  out 
by  the  yellow  blood-corpuscles. 

(c.)  (H)  The  capsule  and  trabecute,  composed  of  fibrous  tissue, 
with  elastic  fibres  and  smooth  muscle.  The  Malpighian  corpuscles, 
consisting  of  leucocytes  in  an  adenoid  reticulum.  The  centre  is 
lighter  in  tint  than  the  circumference,  which  is  more  condensed. 
The  lighter  centre  is  due  to  the  larger  cells  present  there.  They 
are  undergoing  proliferation.  The  cells  formed  in  the  splenic 
corpuscles  pass  into  the  spaces  of  the  pulp  and  leave  the  organ  by 
the  venous  blood  stream. 

(d.)  In  the  pulp  irregular  rows  of  coloured  blood-corpuscles — 
yellow — and  between  these  leucocytes  and  other  cells. 

The  exact  structure  of  the  pulp  can  only  be  properly  studied  in 
a  section  which  is  very  thin,  and  especially  at  the  edges  of  the 
section,  or  best  of  all  in  a  section  of  a  dog's  (or  cat's)  spleen,  whose 
blood-vessels  have  been  washed  out,  and  cleared  of  all  blood^ 
corpuscles  by  a  warm  stream  of  normal  saline  solution.  The 
vessels  are  then  injected  with  a  5  per  cent,  solution  of  ammonium 
bichromate,  and  the  organ  hardened  in  a  large  quantity  of  the  same 
fluid,  and  subsequently  in  alcohol. 

(e.)  In  a  section  prepared  in  this  way,  or  at  the  edges  of  a  very 
thin  section,  the  fine  reticulum  of  branching  cells  may  be  seen 
(fig.  233)  with  the  cells  of  the  splenic  pulp  washed  out  of  it. 

10.  Human  Spleen. — Harden  this  in  the  same  way  as  8.  Note 
that,  as  a  rule,  the  Malpighian  corpuscles  are  less  numerous.  In 
other  respects  the  general  structure  is  the  same. 

11.  Injected  Spleen. — It  is  very  difficult  to  inject  the  finer  splenic 
blood-vessels.  They  should  be  washed  out  first  with  normal  saline, 
and  preferably  a  watery  solution  of  Berlin  blue,  or  Berlin  blue  with 
gelatine,  should  be  used  as  the  injection.  Note  that  an  artery  and 
capillaries  exist  in  the  Malpighian  corpuscles,  but  the  splenic  pulp 
seems  to  be  infiltrated  with  a  blue  mass.  The  capillaries  open  into 
this  system  of  labyrinthine  blood-passages.  These  intermediate 
blood-passages  are  merely  the  spaces  amongst  the  cells  of  pulp  and 
are  not  lined  by  epithelium.  The  terminations  of  the  capillaries 
in  some  situations  are  surrounded  by  thick  sheaths  or  collars  of 
tissue,  perhaps  derived  from  the  cells  of  the  pulp  {Bannicarth)} 

12.  The  varieties  of  Leucocytes  in  lymph  glands  are  best  studied 
by  fixing  the  gland  in  Hg  CI2  and  staining  sections  with  Ehrlich- 
Biondi  fluid  {Hoyer).'^  There  are  at  least  four  varieties,  not  including 
phagocytes. 

1  ArcUvf.  mile.  Anat.,  xxxviii.  p.  345.  2  jn^^^  xxxiv. 
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LESSON  XXL 
TONGUE— TASTE-BUDS— SOFT  PALATE. 
TONGUE. 

Place  small  portions  in  Miiller's  fluid  or  2  per  cent,  potassic 
bichromate  for  fourteen  days,  and  complete  the  hardening  in 
alcohol,  or  harden  it  in  mercuric  chloride.  Make  vertical  trans- 
verse sections.  It  is  well  to  have  the  tongue  of  a  small  cat  or 
kitten,  and  parts  of  the  human  tongue  also— the  former  because  a 
complete  transverse  section  can  be  put  on  a  slide.  The  structure 
will  vary  according  as  the  section  is  made  through  the  anterior  or 
posterior  part  of  the  organ,  as  the  latter  contains  many  lymph 
follicles  and  mucous  glands.  The  sections  may  be  stained  m 
logwood  and  mounted  in  balsam. 

1.  T.S.  Tongue  of  Cat.— (a.)  (L)  Observe  the  papiUse,  of  various 
shapes,  on  the  dorsum  of  the  tongue,  and  covered  by  stratified  epi- 
thelium.   Under  this  the 
connective   tissue   of  the 
mucous     membrane  (fig. 

234)- 

(b.)  Muscular  Fibres. — 

Many  cut  transversely  and 
arranged  in  groups  under 
the  dorsal  mucous  mem- 
brane and  elsewhere ;  others 
which  run  from  the  vertical 
mesial  plane  or  septum  hori- 
zontally outwards,  and  some 
which  pass  vertically.  The 
last  may  be  seen  to  become 
conical  and  end  in  the  connective  tissue  of  the  mucous  membrane. 
Some  of  these  fibres  branch.  (The  methods  of  isolating  branched 
fibres  are  referred  to  in  Lesson  XVI.  3.) 

(c.)  Lingual  PapiUse.— The  dorsum  of  the  tongue  is  beset  with 
elevations  of  the  mucous  membrane  covered  by  stratified  epithelium, 
and  constituting  three  varieties  of  papillse. 

(i  )  Filiform  (.7-3  mm.  long),  by  far  the  most  numerous,  and  are 
placed  all  over  the  dorsum.  They  are  conical  elevations  of  the 
mucous  membrane,  the  upper  end  of  which  is  beset  with  five,  fifteen, 


Fig.  234.— T.S.  of  One-half  of  tlie  Tougue  of  a  Cat. 
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or  thirty  secondary  papilla.  Each  papilla  is  composed  of  fibrous 
tissue  with  elastic  fibres,  and  covered  by  many  layers  of  stratified 
epithelium,  the  superficial  cells  of  which  are  often  corneous  (fig.  235). 

(2.)  Fungifonn  (0.5-1.5  mm.  long),  are  not  nearly  so  numerous 
as  the  foregoing,  and  are  scattered  over 
the  dorsum.  Each  papilla  is  club-shaped 
or  lenticular,  with  a  constricted  base. 
The  apex  is  beset  with  secondary 
papillsB,  but  the  epithelium  covering 
them  is  thinner  than  in  (i)  (fig.  236). 

(3.)  Circuinvallate  (1-1.5  mm.  high 
and  1-3  mm.  broad),  are  confined  to 
the  posterior  part  of  the  tongue,  where 
they  (8-15  in  number)  are  arranged  in 
the  form  of  a  V,  the  apex  of  the  V 
being  directed  backwards.  Each  circu- 
lar elevation  is  raised  above  the  level 
of  the  tongue  and  surrounded  by  a 
circular  trench  or  fossa.  Secondary 
papillae  occur  only  on  their  surface. 
Taste-bulbs  occur  in  the  wall  of  the 
papilla  directed  toward  the  fossa.  They 
are  the  organs  of  taste,  and  are  supplied 
by  the  glosso-pharyngeal  nerve.  It  may  require  several  sections  to 
obtain  views  of  all  three  forms  of  papillae. 

(d.)  (H)  The  stratified  squamous  epithelium  covering  the  papillae 
and  sides  of  the  tongue. 

Secondary 
papillre. 

Fungiform 
papilla. 


Fig.  235.— Filiform  Papilla3,  x  30. 
I.  Primary  papilla;  2.  Secon- 
dary papillre  on  its  summit ;  3. 
Epithelial  process  on  papilla  ; 
4.  Single  process,  with  en- 
tangled loose  epithelial  cells. 


Nerve  in 
its  axis. 
Simple 
papilla. 


The  superficial  cells  are 
very  thin. 

(e.)  Glands,  in  the 
back  part  mucous 
glands  with  clear  con- 
tents, and  it  may  be 
also  serous  glands  in 
which  the  acini  are 
more  granular  (fig. 
237)- 

(/)  Fat-cells,  like 
padding  between  the 
striped  muscular  fibres 
here  and  there.  Near 
the  lower  surface,  sections  of  the  lingual  artery  and  nerves.  In  the 
latter  ganglionic  cells  may  sometimes  be  seen. 

At  the  back  part  of  the  tongue  are  little  depressions  of  the 
mucous  membrane  called  crypts  (fig.  237).     In  the  walls  of  these 


Fig.  236.— Fungiform  Papilla,  x  30. 
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are  spherical  masses  of  adenoid  tissue,  and  into  some  crypts  open  the 
ducts  of  small  mucous  glands  (6g.  237). 

2.  The  mucous  glands  occur  chiefly  at  the  base  of  the  tongue 

and  along  its  edges. 


Lymphatic 
{oUicles. 


Crypt. 

Adenoid 
tissue. 


Mucous 
glands. 


■.~  Epithelium. 


Lymphatic 
,  follicles. 


Fig.  237. 


Mucous 
glands. 


-Crypt  from  Back  of  Tongue,  with  Cluster 
of  Lymphatic  Follicles. 


They  have  the  same 
structure  as  the  sali- 
vary glands  of  the  same 
name  (fig.  237),  i.e., 
their  acini  are  lined  by 
a  single  layer  of  mucous 
cells,  but  there  are  no 
demilunes.  They  are 
small  compound  tubu- 
lar mucous  glands. 

3.  The  serous  glands 
occur  only  near  the 
circumvallate  papillae 
and  taste-bulbs.  Their 
acini  are  granular  and 
resemble  those  of  the 
parotid  gland  in  struc- 
ture (fig.  240,  d). 
4.  T.S.  Tongue  {Douhle-Stai7ied).—Qta,m  a  section  from  the 
posterior  part  of  the  organ,  first  with  methyl-green  and  then  with 

eosin.  Moimt  in  balsam.  The 
connective  tissue  and  papillae  are 
reddish  ;  the  serous  glands  are  red- 
dish also,  while  the  mucous  glands 
have  a  purplish-green  colour. 

5.  T.S.  Injected  Tongue  (L). — 
This  is  obtained  when  the  head  or 
wbole  body  is  injected.  Observe 
the  very  vascular  muscular  portion 
and  the  papillae,  each  with  an  artery 
entering  it.  If  the  papillae  be  com- 
pound, i.e.,  beset  with  other  smaller 
secondary  papillae,  a  small  capillary 
loop  passes  into  each  of  these 
secondary  papillae ;  sections  of  large 
blood-vessels  in  the  connective  tissue 
of  the  mucous  coat  (fig.  238).  If 
desired,  another  section  may  be  faintl?/  stained  with  logwood  and 
mounted  as  above. 


Fig.  238.— T.S.  Injected  Tongue  of  Cat. 
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TASTE-BUDS. 


6.  Taste-Buds,  or  the  peripheral  organs  of  taste,  occur  on  the 
fungiform  papillfe  and  lateral  surface  of  the  circumvallate,  soft 
palate,  posterior  surface  of  the  epiglottis,  and  a  few  amongst  the 
epithelial  cells  on  the  dorsum  and  sides  of  the  tongue.  It  is  more 
convenient,  however,  to  study  them  in  the  rabbit.  On  either  side 
of  the  posterior  part  of  the  rabbit's  tongue  are  two  oval  patches 
with  transverse  ridges  and  intervening  furrows,  the  papillae  foliatse 
(fig.  239). 

(i.)  Cut  out  these  parts  and  harden  them  for  fourteen  days  or 
so  in  Miiller's  fluid  and  then  in  spirit.  Stain  in  bulk  in  borax- 
carmine  or  hsematoxylin  and  cut  in  parafiin. 

(ii.)  The  excised  organ,  with  as  little  adherent  muscle  as  possible, 
is  placed  for  one  hour  in  i  per  cent,  osmic  acid,  or  pinned  on  a 
cork  and  exposed  for  the  same  time  to  the  vapour 
of  osmic  acid.  Tine  sections  are  made  across  the 
laminae,  and  stained  with  logwood  and  mounted  in 
balsam. 

(a.)  (L)  Observe  the  sections  of  the  laminaj,  each 
one  with  a  central  papilla  or  projection  of  connective 
tissue  (fig.  240,  I).  This  is  covered  by  many  layers 
of  stratified  epithelium. 

(b.)  Between  the  laminae  a  furrow,  and  embedded 
in  the  epithelium,  on  each  side  of  this  furrow,  the 
taste-buds  (r/),  which  are  oval  in  shape,  and  composed 
of  epithelial  cells,  whose  bases  touch  the  connective 
tissue  of  the  mucous  membrane,  where  they  receive 
a  branch  of  the  glosso-pharyngeal  nerve.  The  apex 
has  an  open  mouth — gustatory  pore — which  com- 
municates with  the  furrow.  The  cells  composing 
arranged  somewhat  like  the  staves  in  a  barrel. 

(c.)  Gland-ducts  open  at  the  bases  of  the  furrows,  and  if  these 
ducts  be  not  seen,  sections  of  their  acini — serous  gland — are  sure 
to  be  seen  deep  in  the  corium  (fig.  240,  cl).  The  corium  has  what 
look  like  secondary  papillae  on  it,  but  they  are  really  septa  {I'). 

(d.)  (H)  Study  a  single  taste-bud  (80  /x  long  and  40  /jl  broad). 
It  is  composed  of  two  kinds  of  elongated  epithelial  cells. 

(i.)  The  sustentacular  cells,  which  are  most  numerous.  They 
are  elongated,  flattened,  and  either  of  uniform  breadth  or  narrowed 
at  their  base.  They  form  a  protective  covering  for  the  true  gusta- 
tory cells,  which  lie  between  and  within  them. 


Fig.  239. — Tongue 
of  Rabbit.  P.F. 
Papilla;  foliata;. 

the  bud  are 
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(2.)  The  gustatory  cells  consist  of  narrow  fusiform  nucleated 

cells,  whose  lower  pointed 
end  is  continuous  with  a 
branch  of  the  axial  cylinder 
of  a  nerve-fibre,  while  the 
free  end  is  continued  into  a 
fine  point  or  cilium,  which 
projects  through  the  gus- 
tatory pore. 

If  it  be  desired  to  study 
the  mode  of  termination 
of  the  nerves  in  these 
organs,  use  the  lemon-juice 
gold  chloride  method,  with 
subsequent  exposure  of 
the  tissue  to  sunlight  in 
water  acidulated  with 
acetic  acid,  Golgi's  rapid 
hardening  method,  or 
methylene-blue.  For  an 
elaborate  research,  with 
beautiful  plates  showing 
the   terminations   of  the 


Fig.  240— Papilla;  Foliatse  in  the  Rabbit.  I,  V.  Pri- 
mary and  secondary  septa;  g.  Taste-buds;  n. 
MeduUated  nerve  ;  d.  Serous  gland ;  a.  Its  duct ; 
M.  Muscular  fibres,  x  80. 


nerves  in  the  papilte  foliatse,  see  Drasch.^ 


SOFT  PALATE. 

1.  T.S.  Soft  Palate.— Harden  the  soft  palate  of  a  rabbit  or  dog 
in  Miiller's  fluid,  alcohol,  or  corrosive  sublimate.  Make  transverse 
sections  by  freezing,  or  stain  in  bulk  in  borax-carmine  and  cut  in 
paraffin. 

(a.)  (L  and  H)  One  of  the  most  beautiful  methods  of  staining 
is  that  recommended  by  List,  viz.,  to  stain  with  anihne-green  and 
eosin,  and  mount  in  balsam.  Even  with  the  naked  eye  the  thick 
layer  of  mucous  glands  can  be  seen. 

(&.)  The  stratified  epithelium  and  connective  tissue  are  rosy-red, 
the  nuclei  blue.  The  glands  are  bluish,  and  are  seen  to  be  mucous 
in  character,  lined  by  a  single  layer  of  mucous  cells  without  demi- 
lunes. In  the  borax-carmine  section,  the  cells  lining  the_  acini  of 
the  glands  are  clear  and  transparent  and  show  no  demilunes,  a 
typical  example  of  a  pure  mucous  gland. 

1  "  Unters.  liber  d.  Pap.  fol.  et  circumvall.  d.  Kanincliens,"  Ahluind.  d. 
math.-phys.  Classed.  K.  Sdclis.  Gcsell.  d.  Wisscnsch. ,  Bd.  xxi  v. 
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ADDITIONAL  EXERCISES. 

Glands  of  Tongue  or  Palate.— Harden  the  tongue  or  soft  palate  of  a  rabbit 
in  3  per  cent,  nitric  acid  for  1-2  liours.  Wash  out  all  the  acid  and  stain  the 
sections  with  methylene-blue.  Wash  out  the  blue  with  alcohol  until  only  the 
glands  remain  blue.    Mount  in  xylol-balsam. 

Terminations  of  Nerves  in  the  Lingual  Papillse  and  Glands.  — These  may  be 
studied  by  staining  small  pieces  of  the  tongue  of  mouse  or  rat  by  Golgi's  silver 
nitrate  method  (p.  78),  or  by  the  rapid  hardening  method  (bichromate  of  potash 
and  osmic  acid,  Lesson  XXVI.  14).  The  nerve  in  the  papilte  contains  nerve-cells 
which  are  in  connection  with  the  nerve-fibres.  The  nerve-fibres  form  a  plexus 
of  fibres  outside  the  basement  membrane  of  the  serous  gland  acini— epilemmal 
plexus — and  one  within  this  membrane  amongst  the  secretory  cells — hypo- 
lemmal  plexus  (Fusari  and  Panasci)^ 


LESSON  XXIT. 
TOOTH— CBSOPHAGUS. 
TOOTH. 

The  chief  mass  of  a  tooth  consists  of  dentine.  It  is  capped  by 
enamel,  and  the  root  or  fang  is  invested  by  a  layer  of  bone,  the 
crusta  petrosa.  All  three  tissues  are  calcified,  and  contain  calcic 
phosphate.  The  enamel,  however,  is  an  epithelial  structure,  and 
consists  of  modified  and  calcified  epithelial  cells,  while  the  dentine 
and  crusta  petrosa  belong  to  the  connective  tissue  group. 

Tlnsoftened  Tooth. — This  is  one  of  the  few  preparations  which 
had  better  be  bought. 

1.  Longitudinal  Section  of  a  Dry  Tooth  (fig.  241). 

(a.)  (L)  Observe  the  crown  and  fang,  and,  connecting  the  two, 
the  neck. 

(?>.)  The  dentine  surrounding  the  pulp  cavity,  the  enamel 
covering  the  dentine  of  the  crown,  and  the  crusta  petrosa  or 
cement  covering  the  dentine  of  the  fang.  The  wavy  black  lines  in 
tlie  dentine  or  dentinal  tubules  are  really  tubules  filled  with  air, 
hence  they  appear  black.  Note  their  direction  from  the  pulp  cavity 
towards  the  outer  margin  of  the  dentine.  Quite  at  the  apex  of  the 
crown  of  the  tooth  they  run  vertically ;  in  the  fang  they  run  nearly 
horizontally,  and  in  the  part  of  the  dentine  intermediate  between 
^  Archiv.  Hal.  de  Biol.,  xiv.  p.  240,  1891. 
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both  they  gradually  become  more  and  more  oblique  from  the  centre 
of  the  crown. 

Arched  or  curved  lines — incremental  lines  or  Schreger's  lines 

— may  sometimes  be  seen  crossing 
the  course  of  the  dentine  tubules. 

(c.)  The  enamel  covering  the 
dentine  on  the  crown  of  the  tooth ; 
somewhat  brownish-coloured  con- 
centric lines  may  be  seen  in  it. 

{d.)  (H)  The  enamel  consists 
of  striated  prisms,  hexagonal  when 
seen  in  transverse  section  (fig. 

243)  - 

The  dentinal  tubules  lie  in  a 

homogeneous  matrix,  and  are 
wavy  tubes,  which  divide  di- 
chotomously,  and  give  off  lateral 
branches  which  anastomose  with 
other  lateral  branches  from  ad- 
jacent tubules.  At  the  outer  part 
of  the  dentine  are  irregular  inter- 
globular spaces,  which  appear 
black  when  they  contain  air  (fig. 

244)  . 

The  crusta  petrosa  consists  of 
Ijone — a  thin  layer— composed  of 
lamellse  and  bone-corpuscles,  but 
no  Haversian  canals  (fig.  244). 
2.  Softened  Tooth.— Select  the 


Fig 


,  24i._V.S.  Tooth  in  Jaw.   E.  Enamel; 

D.  Dentine;  P.i/.  Periodontal  mem-   .         .   n  ^„„-,Tr,Ql  on    a  f>nt, 

brane;  P.O.  Pulp  cavity;  c.  Cement;  jaw  of  a  small  mammal,  e.g.,  a  cai^ 

B.  Bone  of  lower  jaw ;  V.  Vein ;  a.  decalcify  a  short  length — \ 

Artery ;  N.  Nerve.  inch— of  the  lower  jaw  in  chromic 

acid  and  nitric  acid.  It  will  take  two  or  three  weeks  to  remove 
all  the  bone-salts,  and  the  decalcifying  fluid  must  be  frequently 
renewed.  The  tooth  is  sufficiently  soft  to  be  cut  when  a  needle 
can  be  pushed  into  it.  Make  vertical  sections  through  the  whole 
jaw  and  a  tooth  in  situ.  . 

Stain  one  section  in  picro-carmine,  another  m  osmic  acid  (twenty- 
four  hours),  and  mount  both  in  Farrant's  solution  or  m  glycerme- 

^^^ia)  (L)  Observe  the  tooth  in  the  alveolus  or  depression  of  the 
iaw  in  which  it  is  fixed.    The  enamel  has  disappeared.    The  bone 
of  the  jaw  with  its  periosteiun,  lining  the  alveolus  and  forming 
there  the  periodontal  membrane  (fig.  241,  P-^^-)- 
\h.)  Next  the  latter  on  the  fang  the  cement  (C),  the  dentme, 
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pulp-cavity  and  its  contents.  If  the  section  passes  directly  through 
the  middle  of  the  tooth,  the  orifice  in  the  fang  of  the  tooth  may  be 

(c!)  (H)  The  dentinal  tubules,  not  so  distinct  as  in  the  dry  tooth. 


Fig.  242.— Enamel 
■  Prisms. 


Pig.  243.— Their  Hexa- 
goual  Ends. 


Fig.  244. — T.S.  Fang  of  Tooth,  a.  Crasta  pet- 
rosa,  with  bone-corpuscles ;  b.  Dentinal 
tubules ;  c.  Granular  or  interglobular 
layer. 


If  they  are  cut  obliquely,  they  appear  merely  as  tailed  dots  in.  a 
homogeneous  matrix. 

[d.)  The  pulp-cavity  contains  blood-vessels  and  fine  connective 
tissue,  but  next  the  dentine  there  is  a  layer  of  large  cubical  cells — 
odontoblasts — which  give  off  fine  processes  which  enter  the  den- 
tinal tubules — the  fibres  of  Tomes.  They  are  best  seen,  however, 
in  a  tooth  which  has  not  yet  cut  the  gum. 

3.  Development  of  Tooth. — Without  entering  into  all'^the 
details  of  the  development  of  the  teeth,  the  following  directions 
will  suffice  as  to  the  method  of  preparing  sections  so  as  to  show  the 
various  stages.  What  may  be  called  the  first  stage — that  shown  in 
fig.  245 — is  to  be  obtained  from  the  lower  jaw  of  a  sheep's  embryo 
7  cm.  in  length.  At  this  stage  only  a  very  little  bony  matter  exists. 
Harden  the  whole  jaw  in  corrosive  sublimate  and  decalcify  in  dilute 
hydrochloric  acid.  Stain  in  bulk  in  borax-carmine,  embed  in 
paraffin,  and  make  T.S.  across  both  rami  of  the  jaw  and  the  tongue. 
Or  harden  and  decalcify  at  the  same  time  the  jaw  of  a  fcBtal  kitten 
by  placing  small  pieces  containing  embryonic  teeth  in  Flemming's 
fluid.  This  yields  excellent  results, — the  tissues  are  thereby  suffi- 
ciently difi"erentiated  and  may  be  cut  in  paraffin. 

The  second  stage,  fig.  246,  is  obtainable  from  the  upper  jaw  of  an 
embryo  sheep  1 5  cm.  long.    It  is  treated  in  the  same  way. 

The  third  stage,  fig.  247,  is  obtained  from  the  lower  jaw  of  a  do" 
six  days  old  or  thereabout. 
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With,  a  high  power  it  is  easy  to  observe  the  structure  of  the 


■^j-Vj  Epithelium. 


Tunica 
propria. 


8  &  :/  ^^V:::vi^w:^ 


Fig.  245.  — Diagram  of  Early 
Stage  of  the  Development 
of  a  Tooth,  a.  Epithelium 
of  dental  ridge  on  lower 
jaw ;  6.  Portion  of  epithe- 
lium about  to  he  modified 
into  enamel  (enamel  organ); 
c.  Beginning  of  germ  of  den- 
tine in  the  tooth  papilla  ; 
(i.  Lamination  of  corium 
ai)out  to  form  tooth  sac. 


of  jaw. 


Fig.  246.— lower  Jaw  of  Human  Foetus  at  4th 
Month,  X  40.  I.  Dental  ridge;  2.  Stalk  of 
enamel  germ;  3.  Enamel  organ;  a.  Peri- 
pheral cells ;  6.  Germ  pulp ;  c.  Cylindrical 
cells  of  enamel ;  4.  Papilla. 


several  parts,  and  to  see  the  odontoblasts  lining  what  is  to  be  the 


Dental  Sac. 


router  layer, 
(inner  layer. 


C  Odontoblasts 

PapillaA  Spherical  elements 
I  with  blood-vessels 


Dentine.  ,   ^^  ffp^/ 


Bone  of  the  lower  jaw. 


Peripheral  flat  ~v 
cells  Enamel 


T  «  T  r,wpr  Taw  of  New-Born  Dog,  X  40.   The  dental  sac  is  sho^vn  only  in  the 
^'°\efYsTde    T'lrtl's'lres  oriSn^^^^^^^  tissue  are  shown  on  the  left,  and 

those  of  epithelial  origin  on  the  right. 

pulp-cavity.    If  the  latter  happen  to  be  partially  detached,  their 
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processes — fibres  of  Tomes — may  be  seen  partially  withdrawn  from 
the  dentinal  tubules  in  which  they  lay. 


(ESOPHAGUS. 


The  (Esophagus  consists  from  within  outwards  of — 

(i.)  Mucous  coat,  composed  of  stratified  squamous  epithelium, 
into  which  project  small  simple  papLll39  from  the  corium  or  con- 
nective-tissue basis  of  the  membrane.  At  the  outer  part  of  the 
corium  is  a  narrow  layer  of  smooth  muscular  fibres — muscularis 
mucosae — arranged  for  the  most  part  longitudinally. 

(2.)  Submucous  coat,  consisting  of  connective  tissue  and  the 
larger  blood-vessels  and  some  nerves.  In  those  animals  {e.g.,  dog) 
in  which  glands  occur,  the  acini  of  the 
glands  lie  in  the  submucous  coat,  so  that 
their  ducts  have  to  perforate  the  muscu- 
laris mucosae  and  traverse  the  mucous 
membrane  before  they  open  on  the  surface 
of  the  epithelium. 

(3.)  Muscular  coat.— This  will  vary 
with  the  animal  used.  In  man  this  coat 
in  the  upper  third  of  the  oesophagus  is 
composed  of  striated  muscular  fibre,  the 
lower  two-thirds  of  smooth  muscle.  The 
outer  layer  of  fibres  runs  longitudinally, 
the  inner  circularly. 

_  (4.)  Fibrous  coat,  composed  of  fibrous 
tissue. 

4.  The  (Esophagus.— Cut  out  a  piece 
of  the  oesophagus  of  a  dog  or  cat — 2  cm. 
in  length — and  harden  it  in  equal  parts 
of  chromic  acid  (|  per  cent.)  and  spirit,  or 
Mliller's  fluid  (fourteen  days),  or  mercuric 
chloride,  and  then  in  alcohol.  Make 
transverse  sections ;  stain  one  in  picro- 


.  248.  —  T.S.  Small  Part  of 
(Esophagus  of  Dog.  E.  Epi 
tlielium ;  M.M.  Muscularis 
mucosa! ;  G.  Glands  ;  C.  Cir 
cular,  and  L.  External  or 
longitudinal  muscular  coat; 
F.  Fibrous  layer.  Mliller's 
fluid,  picro-carmine. 


carmine  and  mount  it  in  Warrant's  solu 
tion,  and  another  in  logwood  and  mount 
it  in  balsam.  Perhaps  even  more  instructive  sections  are  obtained 
from  a  small  animal,  such  as  a  rat,  where  the  whole  oesophagus  (with 
trachea)  can  be  stained  "  in  bulk  "  in  borax-carmine.  Cut  sections 
ot  both  tubes  to  show  their  structure  and  relations. 

(a.)  (L  and  H)  The  circular  tube  has  several  coats,  the  inner- 
most one  being  thrown  into  folds.  The  mucous  membrane  covered 
by  stratified  squamous  epithehum,  under  this  the  connective  tissue 
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witli  smaU  simj^le  papillce.  In  the  deeper  part  of  the  mucous  mem- 
brane are  several  layers  of  non-striped  muscle,  the  muscular^s 

Tfoutte^'tHi-is  loose  submucous  connective  tissue  with  a 
few  blood-vessels,  and  in  the  dog  and  some  other  animals  the  acmi 
of  mucous  c^laiids  The  ducts  of  the  latter  traverse  the  coats  lying 
h;tSnarto%he  glands,  and  open  on  the  inner  surface  by  funnel- 

^'(r)'oSTthis.  again,  is  the  muscular  coat,  which  varies  in 
the  upper  and  lower  parts  of  the  tube,  and  also  with  the  animal 
exaZed  In  the  upper  part  there  is  striped  muscle,  m  the  lower 
SrTtwo  layers  of  non-striped  muscle,  an  inner  circular  and  an  outer 
C'itudinai.    Between  the  two  layers  may  be  seen  ganghonic  ceUs 

^^^rSl'arS  the  fibrous  coat  or  adventitia  composed  of 
coarser  connective  tissue,  with  elastic  fibres  and  Wood-vesseR 

For  the  epithelial  cells  lining  the  oesophagiis  see  Lesson  IV  5. 

It  s  to  be^emembered  that  there  are  very  great  differences  as 
reirds  the  presence  of  glands  in  the  oesophagus.  Some  ammals 
have  a  considerable  number-..^/.,  dog-and  others  very  few. 


ADDITIONAL  EXERCISE. 
5.  Other  Methods  (^Esophagus). -Very  good  re^ults^^^^^^^^^^^ 

'^T\y'l'^f  tl  frSohol   S^^^^^       again  with  iodine-green  (twenty-fom- 


LESSON  XXIII. 
THE  SALIVARY  GLANDS  AND  PANCREAS. 
THE  SALIVARY  GLANDS. 

All  these  glands  have  not  the  same  structure,  hence  it  is  necessary 
''SouVSvary  Glands.-The  sub-maxillary  and  sub-lingual 
glands  of  the  dog  and  sub-lingual  of  gumea-pig. 

.     1  ZcUs.f.  viik.  AnaL,  vii.  r-  224,  1890. 
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Serous  Salivary  Glands. — The  parotid  of  man  and  mammals, 
and  the  sub-maxillary  of  the  rabbit. 

Mixed  or  Muco-Salivary. — The  human  sub-maxillary,  retro- 
lingual  of  the  dog,  or  sub-maxillary  of  the  guinea-pig. 

The  salivary  glands  are  compound  tubular  glands,  i.e.,  the  duct  is 
branched,  while  the  acini  or  alveoli — the  true  secretory  parts  of 
the  glands — are  tubidar  in  form.  Each  gland  consists  of  lobes, 
held  together  by  connective  tissue,  which  forms  a  capsule  for  the 
whole  gland  and  gives  septa  to  enclose  the  lobes  and  lobules. 
Each  lobe  in  turn  is  made  up  of  numerous  smaller  lobules  also  held 
together  by  connective  tissue,  which  carries  the  blood-vessels, 
nerves,  lymphatics,  and  larger  ducts.  From  mutual  pressure  the 
lobes  and  lobules  are  usually  polygonal  in  shape.  The  main  duct 
is  made  up  by  the  convergence  of  ducts  from  the  lobes — lobar 
ducts — while  from  each  lobule  there  is  a  duct — lobular  ducts, 
which  unite  to  form  lobar  ducts.  Each  lobule  is  made  up  of  a 
number  of  alveoli  or  acini.  Each  alveolus,  which  has  a  closed 
extremity,  leads  into  or  discharges  its  secretion  into  a  fine  duct  or 
ductule,  and  these  ductules  by  their  union  form  the  intralobular 
ducts.  Practically  the  arrangement  of  the  ducts  is  the  same  in  all 
this  set  of  glands ;  the  differences  in  structure  are  in  the  alveoli. 
The  alveoli  consist  of  a  basement  membrane,  which  by  appro- 
priate means  can  be  shown  to  consist  of  branched  cells  forming  a 
reticulated  or  basket-like  membrane.  This  is  lined  internally  by 
the  secretory  epithelium,  leaving  a  larger  or  smaller  lumen  in  the 
centre,  which  leads  into  a  fine  duct  or  ductule  by  means  of  a  narrow 
junctional  piece  or  intermediary  part  or  ductule,  in  which  the  epi- 
thelium is  somewhat  flattened.  Usually  several  alveoli  open  into 
one  intermediary  tubule  or  ductule.  The  ducts  with  a  fibrous  wall 
are  lined  by  a  single  layer  of  columnar  epithelium,  which  is  striated 
or  "  rodded "  in  its  outer  part,  and  granular  towards  the  lumen  of 
the  tube  (fig.  249) ;  a  little  inwards  from  the  centre  of  each  cell  is 
a  nucleus. 

In  mucous  glands  the  acini  (35  in  diameter)  are  lined  by  a 
layer  of  polyhedral  clear  cells,  whose  broader  bases  rest  on  the 
basement  membrane,  while  their  apices  abut  on  the  lumen,  which 
is  small  (fig.  249).  Usually  in  a  transverse  section  of  an  acinus 
five  or  six  cells  are  seen.  The  appearance  of  these  cells  varies 
according  as  a  gland  is  at  rest  or  in  a  state  of  activity,  i.e.,  whether 
the  gland  is  "loaded"  or  "charged"  (resting phase),  or  "unloaded" 
or  "  discharged  "  (active  phase).  In  a  resting  gland  the  mucous 
cells  are  clear,  for  the  most  part,  while  at  the  outer  part  of  the  cell 
is  a  flattened  nucleus  surrounded  by  a  very  small  quantity  of 
granular  protoplasm.  The  clear  part  is  traversed  by  a  network  of 
fibrils,  which  includes  in  its  meshes  mucigen.    The  granular  matter 
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and  nuclei  stain  readily  with  the  ordinary  dyes,  whUe  the  clear 

part  does  not  do  so.  .     „  ,  , 

In  some  mucous  glands,  e.g.  dog,  but  not  in  all  mucous  glands, 
here  and  there  between  the  bases  of  some  of  these  cells,  and  the 
basement  membrane,  are  groups  of  small,  granular,  nucleated  cells 
the  fTOup  having  a  somewhat  crescentic  shape  ;  they  are  called 
demUunes  or  crescents  of  Gianuzzi  (fig.  250).  They  stam  readily 
with  dyes,  and  are  darkened  by  osmic  acid,  and  contain  two  or 

more  nuclei.  ,     ,    ,       .  .  n  at. 

In  the  discharged  or  .  active  gland,  the  acini  are  smaller,  the 
lumen  wider,  the  clear  part  of  the  cell  diminished  in  volume,  while 
the  outer  part  of  the  cell  is  wider,  and  appears  to  have  encroached 
on  the  clear  part.  The  nucleus  is  usuaUy  spherical,  and  placed 
nearer  the  centre  of  the  cell.        ,    ,     ,  .  ^  -4.1,0 

In  serous  or  albuminous  glands  the  chief  differences  are  m  the 
cells  lining  the  alveoli.  In  serous  alveoli  there  is  but  one  layer  of 
cells,  and  nothing  corresponding  to  the  demilunes.  The  cells  are 
somewhat  smaUer  than  mucous  cells;  they  are  more  granular,  and 
stain  more  uniformly  with  dyes.  The  nucleus  is  spherical  and 
placed  nearer  the  centre  of  the  cell.  The  differences  between 
active  and  passive  phases  are  not  so  marked  as  m  mucous  acmi 

During  activity  the  cells  become  smaller,  and  the  "granules 
disappear  from  the  outer  part  of  the  cell ;  the  ceUs  become  more 
sharply  defined,  while  the  nuclei  are  large  and  spherical. 

Tl-ln  all  cases  examine  the  acini  of  the  glands  m  the  fresh 

A.'^Mucous  Salivary  Glands.-These  must  be  prepared  in 

Methods.-(i.)  For  the  general  structure  of  salivary  glands  :- 
Harden  small  piece ;  for  2  or  3  days  m  the  f^Uowing  mixture^- 
■X  parts  go  per  cent,  alcohol  and  2  parts  .5  per  cent,  chromic 
acid.    To^see^the  finer  points-after  staining -mount  the  sections 

'^f^ZJ^S'oi  a  perfectly  fr.h  dog.  sul^ma^g^ 
are  placed  for  an  hour  m  75  cent,  alcohol,  f^fn  for  five ^^^^^^^^^ 
in  absolute  alcohol,  which  is  then  changed,  and  ^^e  hardening 
completed  in  fresh  absolute  alcohol  in  twenty-four  hours  Sections 
oUhe  unstained  gland  are  apt  to  fall  ^o  P-^s,  although  he  sm^^^ 
nieces  show  the  structure  sufficiently  well.  A  1  ait  of  the  alcolioi 
Cened  gland  should  be  stained  "  in  bulk"  -^.^^-^^^f™^^^^^' 
•S  in  paraffin.    In  this  way  the  relative  position  of  the  parts  1. 

''^'tf  Harden  very  small  pieces  in  i  per  cent  osmic  acid 
(li  hliS  r^^^^l^  thoroughly,  and  complete  the  hardemng  m 
alcohol. 
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(iv.)  Harden  other  pieces  in  Flemming's  mixture,  and  stain  "in 
bulk  "  in  borax-carmine  as  in  (ii.). 

(v.)  Heidenhain's  Method. i — This  method  is  also  applicable 
to  the  pancreas.  Small  pieces  of  glands — e.g.,  sub-maxillary  of 
guinea-pig,  dog,  and  cat — hardened  in  alcohol  (ii.)  are  placed  in  lo 
cc.  of  0.5-1  per  cent,  watery  solution  of  hsematoxylin  (6-8  hours) ; 
and  then  for  an  equal  period  in  0.5-1  per  cent,  potassic  bichromate, 
or  I  per  cent,  watery  solution  of  alum,  or  stain  with  .3  per  cent, 
haematoxylin  (distilled  water  to  be  used),  and  differentiate  with  i 
per  cent,  neutral  chromate  of  potash,  which  forms  a  steel-grey 
compound  with  haematoxylin  (p.  70).  The  stain  does  best  with 
objects  hardened  in  alcohol  or  picric  acid.  The  pieces  are  quite 
black  when  removed  from  the  second  fluid.  In  this  method,  the 
union  of  the  reagents  takes  place  in  the  tissue  itself.  The  nuclei 
are  bluish-black,  the  cell-substance  a  steel-grey,  while  the  demilunes 
stand  out  distinctly.  This  is  an  excellent  method  for  these  glands. 
Cut  in  paraffin. 

(vi.)  Mucous  glands  harden  well  in  picric  acid. 

My  experience  leads  me  to  believe  that  in  studying  a  mucous 
salivary  gland,  it  is  best  to  begin  with  one  whose  acini  contain  only 
mucous  cells  and  no  demilunes.  Such  glands  are  the  sub-lingual 
of  a  guinea-pig  and  sub-maxillary  gland  of  the  mole.  Then  proceed 
to  the  sub-maxillary  of  a  dog,  which  has  demilunes  at  intervals, 
and  lastly,  take  the  acini  of  a  cat's  sub-maxillary,  where  the  demi- 
lunes form  a  nearly  complete  layer  outside  the  true  mucous  cells. 

In  order  to  obtain  a  general  view  of  the  origin  of  the  ducts  from 
the  acini  of  the  lobules,  and  the  union  of  small  lobular  ducts  to 
form  larger  ducts,  it  is  well  to  examine  a  preparation  of  the  salivary 
glands  of  the  cockroach,  which  can  be  removed  en  masse  (p.  265). 

1.  Sub-Lingual  Gland  of  Guinea-Pig.— This  shows  acini  lined  with 
mucous  cells  without  demilunes  (L  and  H).  Note  the  acini,  each  lined 
by  a  single  layer  of  clear  transparent  mucous  cells,  resting  directly 
upon  a  basement  membrane  without  the  intervention  of  any  demi- 
lunes. In  the  arrangement  of  capsule,  septa,  and  ducts,  it  resembles 
the  salivary  glands  of  the  dog.  The  gland  is  like  fig.  249  without 
the  demilunes. 

2.  Sub-MaxUlary  Glandof  Dog.— (a.)  (L)  Observe  the  capsule, 
which  sends  off  thin  connective-tissue  septa  into  the  gland,  mapping 
it  out  in  polygonal  lobes,  which  are  further  subdivided  by  finer 
septa  into  lobules.  In  the  larger  septa,  sections  of  blood-vessels  and 
gland-ducts  (fig.  249). 

(b.)  Within  each  lobule  aggregations  of  acini  or  alveoli,  which 
make  up  the  smaller  lobules.    The  shape  of  the  lobule  depends  on. 

the  way  it  has  been  cut.    Branches  of  the  finer  gland-ducts— few  

1  Archivf.  mik.  Anat.,  1884,  p.  468,  and  1886,  p.  383. 
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-Small  Lobule  of  a  Sub-Maxillai-y  Gland,  Dog. 
L.  Lobule  ;  D.  Duct.   Osmlc  acid. 


between  the  lobules.  Some  of  the  acini  appear  to  be  crowded  with 
cells  inside  the  basement  membrane.    The  gland-ducts  have  a 

distinct  lumen.  .  i    ii,       x-u  i. 

"  (c )  (H)  Although  numerous  acini  are  visible,  only  those  tnat 
^  ''  ^   '  °  have  been  cut  across 

so   as   to   show  the 
lumen  are  satisfactory; 
the     others  appear 
merely   to  be  filled 
with  cells,  and  vary 
much  in  size,  accord- 
ing to  the  plane  of 
section  through  the 
alveolus.     Each  aci- 
nus has  a  clear,  trans- 
parent basement  mem- 
brane, and  inside,  and 
on  it,  is  arranged  the 
secretory  epithelium. 
(d )  The  mucous  ceUs  form  a  single  layer,  and  are  large,  clear, 
cubical  cells     Each  has  a  nucleus  which  is  usually  flattened  and 
placed  near 'the  attached  end  of  the  ceU.    In      f .P^^: 
fjarations,  the  nucleus,  surrounded  by  granular  protoplasm,  is  s  ained 
while  the  rest  of  the  cell  appears  clear,  and  traversed,  it  may 

be,  by  fine  threads  or 
fibrils.  In  reality,  the 
cell-substance  consists  of 
network  containing  a 
clear  substance  —  muci- 
gen. 

(c.)  The  demilunes  lie 
singly  next  the  basement 
membranes.  Two  or 
three  may  be  seen  in  the 
section  of  each  alveolus 
as  more  granular  deeply- 
stained  bodies,  sometimes 
with  tAvo  nuclei.  As 
their  name  indicates, 
they  are  somewhat  half- 
moon  shaped,  but  they 
cells.     As  they  are  deeply 


a 


FIG  25o.-Sub.ltaxillary  Gland  Dog,  showing  Duct 
Communicating  with  an  Alveolus  l^y  ^  J™ 
Ductule  The  alveoli  with  mucous  cells  and  dense 
demilunes.   Osmic  acid  and  hiematoxyhn,  X  300- 

send  processes  between  the  mucous  cells.  As  they  are  deeply 
sited  by  pigments  and  also  darkened  by  osmic  acid,  their  shape 

-'^^'iZ^Sl^  a  small  more  or  less  regular 
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Pig.  251. -T.S.  Salivary 
Duct  showing  only 
the  "Kodded"  Epi- 
thelium lining  it, 

X  300. 


space  in  the  centre  of  the  acinus,  but  many  acini  may  be  so  divided 
as  not  to  show  it.  It  is  difficult  to  find  the  connection  between  the 
lumen  of  an  acinus  and  a  duct  (fig.  250). 

(g.)  Duct. — This  is  best  studied  in  a  tran.sverse  section  of  one  of 
the  finer  ducts  lying  within  the  lobules  or  the 
larger  ones  in  the  septa  (fig.  251).  The  wall 
consists  of  circularly  disposed  connective  tissue, 
and  is  lined  by  a  single  layer  of  tall,  narrow, 
cylindrical  epithelium.  The  outer  part  of  each 
cell  is  distinctly  striated  or  "rodded,"  and  the 
spherical  nucleus  is  placed  about  the  middle  of 
the  cell. 

N.B. — The  student  should  compare  with  this 
a  section  of  a  gland  hardened  in  osmic  acid  or 
riemming's  fluid,  or  one  stained  by  Heidenhain's 
method. 

3.  Sub-Maxillary  Gland  of  Cat. — In  some  of  the  acini  there 
may  be  a  nearly  complete  layer  of  demilune  cells  between  the  base- 
ment membrane  of  the  acinus  and  the  lining  layer  of  mucous  cells. 

B.  Serous  Salivary  Glands — Methods.— Use  the  parotid  of  any 
mammal — rabbit,  cat,  or  dog — or  the  sub-maxillary  gland  of  a 
rabbit.  Harden  small  parts  of  the  gland  in  the  same  way  and  by 
the  same  means  as  for  mucous  glands.  A  saturated  watery  solution 
of  mercuric  chloride  is  to  be  pre- 
ferred to  picric  acid  for  serous 
glands.  I  find  that  Flemming's 
mixture  is  specially  good  for  the 
sub-maxillary  gland  of  the  rabbit. 
Sections  are  made  and  stained — the 
hardened  gland  stained  "  in  bulk  " 
— ^just  as  for  mucous  glands. 

4.  T.S.  Parotid  Gland.  — (a.) 
(L)  Observe  the  capsule,  septa, 
lobes,  and  lobules  as  in  the  mucous 
glands,  but  the  alveoli  or  acini  are 
smaller.  More  sections  of  gland- 
ducts  will  also  be  seen. 

/7  \  rw.  •  TL  Fig.  252.— l^estiupc  Serous  Gland- llabbit 

(6.)  (H)  Observe  an  amZMS.     It  AlcolioF and  carmine. 

is  lined  by  a  layer  of  polyhedral 

cells,  leaving  a  very  small  lumen.  The  cells  are  very  granular,  with 
a  spheroidal  nucleus  placed  near  the  centre  of  the  cell  (fig.  252). 
Numerous  sections  of  ducts,  some  cut  transversely,  others  longitudi- 
nally.   They  are  like  those  of  mucous  glands. 

5.  Fresh  Serous  Gland.— Tease  a  fragment  of  a  parotid  gland  in 
normal  saline,  and  observe  how  the  cells  are  crowded  with  granules. 
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FIG  -Human  Sub-Maxillary  Gland.  On  the  right 
groups  of  mucous,  and  on  the  left  of  serous 
alveoli,  x  300. 


C,  Muco-Salivary  Glands,  e.g.,  sub-maxillary  of  man  or  retro- 
lingual  of  the  dog,  are  treated  as  the  other  salivary  glands. 

6.  Human  Sub-Maxillary  Gland.— (L  and  H)  Observe  that  some 
of  the  acini  are  like  those  of  mucous  glands,  and  others  like  serous 
acini  while  some  of  the  acini  contain  both  mucous  and  serous 
'  cells.     Acini,  serous  and 

mucous,  may  be  found 
lying  side  by  side  (fig. 
253). 

7.  Dog's  Sub-Maxillary 
Gland  (Double-Staining). 
— (i.)  Stain  alcohol-hard- 
ened sections,  first  in  a 
watery  solution  of  aniline 
green  and  subsequently  in 
eosin.  An  easier  plan  is 
to  stain  first  in  aniline 
green,  rapidly  dehydrate 
the  section  in  alcohol, 
taking  care  that  all  the 
green  is  not  washed  out 
of  the  gland-cells,  and  clarify  with  clove-oil  in  which  is  dissolved 
some  eosin.  Mount  in  balsam.  The  mucous  cells  are  green,  the 
demilunes  pinkish,  and  the  nuclei  generally  are  green.  The  ceUs 
of  the  ducts  are  green,  and  the  interlobular  connective  tissue 

^'"(Hf  Stain  sections  in  aniline  blue,  to  which  is  added  a  saturated 
watery  solution  of  picric  acid.  Mount  in  balsam.  The  cells  of  the 
acini  are  blue,  while  the  ducts  are  yellowish-green. 

(iii )  Schiefferdecker's  method  is  also  to  be  recommended.  Add 
a  few  drops  of  a  5  per  cent,  alkaline  alcoholic  solution  of  eosm  to 
a  watch-glassful  of  alcohol.  AUow  the  sections  to  stam  m  this  for 
half  an  hour  or  so,  and  place  them  for  a  few  minutes  in  i  per  cent, 
watery  solution  of  aniline  green,  and  moimt  m  balsam. 

(iv.)  The  sub-maxillary  gland  of  a  dog  or  guinea-pig  hardened  m 
picric  acid  or  HgCl,,  if  stained  with  aniline  blue  and  safranm^ 
shows  the  demilunes  red  and  the  mucous  cells  blue  m  balsam 
preparations. 

THE  PANCREAS. 

The  pancreas  is  a  compound  tubular  gland,  and  resembles  the 
serous  salivary  glands  in  the  arrangement  of  its  capsu  e,  lobes, 
Lbules  and  duct,  with  its  branches.  The  epithelium  of  its  due  s, 
however,  is  not  so  distinctly  striated,  and  in  a  section,  as  a  rule, 
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notmany  ducts  are  visible.  Curious  groups  of  cells  "  mter-tubular 
ceU  clumps,"  each  supphed  by  a  glomerulus-like  tuft  of  capillaries, 
lie  in  the  interlobular  septa  or  amongst  the  acini.  The  alveoli, 
tubular  or  flask-shaped,  with  a  very  small  lumen,  consist  oi  a  base- 
ment membrane  lined  by  a  single  layer  of  columnar  or  pyramidal 
cells,  each  showing  two  zones-;  an  outer  zone  nearly  homogeneous, 
and  staining  with  logwood  and  some  other  dyes,  and  an  inner  zone 
crowded  with  "granules."  The  spherical  nucleus  lies  about  the 
middle  of  the  ceU.  Sometimes  sections  of  Pacinian  corpuscles  and 
o-roups  of  nerve-cells  are  found  in  the  pancreas. 
°  This  gland,  like  other  glands,  should  be  examined  in  different 
phases  of  physiological  activity.  One,  the  active  state  ("  dis- 
charged "),  when  the  gland  is  removed  from  the  body  (rabbit)  two 
or  three  or  four  hours  after  a  full  meal ;  and  the  other,  the  passive, 
or  better,  the  resting  state  ("charged"  or  "loaded"),  when  the 
pancreas  is  not  secreting  actively,  which  can  be  secured  by  allowing 
an  animal  to  fast  for  fourteen  hours  (dog  or  rabbit).  The  human 
pancreas  is  rarely  satisfactory. 

Methods.— (i.)  One  of  the  best  methods  of  fixing  the  pancreas  is 
I  per  cent,  osmic  acid  or  Flemming's  mixture  (24  hours).  It  is 
then  to  be  thoroughly  washed  and  hardened,  first  in  75  per  cent., 
and  afterwards  in  absolute  alcohol.  In  such  a  preparation  the 
"  granules  "  are  usually 
well  preserved,  and  they 
stain  deeply  with  saf- 
ranin. 

(ii.)  A  piece  hardened 
in  absolute  alcohol  and 
stained  in  bulk  in  borax- 
carmine  or  Heidenhain's 
logwood  (p.  70),  and 
afterwards  cut  in  paraf- 
fin, shows  well  the 
general  arrangement. 

(iii.)  Fix  a  small  piece 
in  corrosive  sublimate,  ^ 

and,  after  the  usual  pre-  fig.  254.— T.S.  Pancreas,  Dog.  A.  Acinus ;  C.  Capsule ; 
cautions,  stain  the  sec-       ^-  Con-osive  sublimate  and  picro-carmine, 

...  X  300- 

tions  with  picro-carmme. 

Mount  the  osmic  acid  sections  in  glycerine,  and  the  stained  ones 
in  Warrant's  solution  or  balsam. 

8.  Eesting  Pancreas. — («.)  (L)  Observe  the  capsule  (thinner), 
septa  (thinner),  lobes,  and  lobules,  as  in  salivary  glands.  This 
arrangement  is  well  seen  in  the  carmine  specimen  (fig.  254,  C). 

(6.)  (H)  In  the  osmic  acid  preparation  observe  the  alveoli  (fig. 
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254,  A),  witli  a  basement  membrane  lined  by  a  single  layer  of 
columnar  cells,  tapering  somewhat  at  their  central  ends,  leaving  a 
small  irregular  central  lumen. 

(c.)  In  each  cell  a  crowd  of  dark  "granules,"  occupying  about 
the  inner  two-thirds  of  each  cell,  while  the  outer  third  or  zone  is 
comparatively  homogeneous  and  free  from  granules  (fig.  254).  The 
nuclei  of  the  cells  are  apt  to  be  obscured  by  the  presence  of  the 
granules.  In  the  borax-carmine  preparation  the  nuclei  and  granules 
are  stained  red  ;  the  outer  zone,  about  one-third,  is  also  stained  red, 
the  inner  two-thirds  being  either  not  stained  or  only  faintly  so,  and 
granular,  but  the  granules  are  not  so  sharply  defined  as  in  the  osmic 
acid  preparation. 

{d.)  The  ducts  (few),  lined  by  a  single  layer  of  columnar  epithe- 
lium, with  very  faint  longitudinal  striation  (fig.  254,  D). 

9.  Active  Gland  (H). — The  cells  of  the  alveoh  are  less  granular, 
so  that  each  cell  shows  an  outer  zone  with  no  granules,  occupy- 
ing about  one-half  of  the  cell,  and  an  inner  granular  zone  with 
granules,  which,  however,  are  not  nearly  so  numerous  as  in  the 
^4«ssp5?> resting  alveoli.     The  nucleus  (sometimes  with 
1   a  nucleolus  and  accessory  nucleoli)  is  distinct,  and 
"1   near  the  centre  of  the  cell.    It  is  to  be  noted, 
,j        however,  that  all  the  alveoh  are  not  in  the  same 
i0  phase. 

^        10.  Fresh  Pancreas. — A  very  good  view  of  the 
granular  character  of  the  inner  zone  of  the  pan- 
creatic cells  is  obtained  by  examining  a  piece  of 
fresh  pancreas — e.g.  ox — teased  in  normal  sahne. 
^'"AdnrJt^;  Fresh  It  is  easy  to  observe  the  difference  between  the 
Pancreas.  outer  homogeneous  zone  and  the  inner  granular 

one.    Many  of  the  granules  are  Hberated  in  the 

process  (fig.  255). 

11.  Injected  Pancreas  (L).— Study  a  section  with  its  blood- 
vessels injected.  It  is  very  vascular,  and  in  the  inter-tubular  ceU 
clumps  are  groups  of  capillaries.  It  is  best  injected  with  a  Berhn- 
blue  gelatine  mass  from  the  thoracic  aorta. 


ADDITIONAL  EXERCISES. 

12  Active  Mucous  Gland.— The  student  should  examine  a  section  of  a  sub- 
maxillarv  gland  (dog),  which  has  been  in  action  for  several  hours.  He  cannot 
without  a  license  prepare  such  a  gland  for  himself.  It  is  prepared,  however, 
bv  stimulating  at  intervals  for  several  hours  the  chorda  tympani  of  a  dog.  in 
this  way  the  gland  is  kept  secreting,  or  it  may  be  stimulated  by  mjecting 
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pilocarpin.  It  is  then  removed  from  the  body  and  hardened  in  one  of  the 
ways  stated  on  p.  258.  It  is  essential  that  the  active  and  non-active  glands 
be  hardened  in  the  same  way,  so  as  to  show  that  such  differences  as  exist  are 
not  due  to  the  method  of  hardening.  .  ■       ^  a 

(H)  Observe  that  the  mucous  cells  are  not  so  clear  as  m  the  passive  giana, 
but  are  more  granular  and  smaller,  while  in  stained  sections  part  of  their  cell- 
substance  is  stained  by  the  pigments,  and  thus  there  is  less  difference  between 
the  demilunes  and  the  mucous  cells.  The  nuclei  become  more  spheroidal.  All 
the  acini  in  the  section  are  not  necessarily  in  the  same  phase  of  activity,  so 
that  the  appearances  in  any  two  acini  may  not  be  identical.  ecu 

13.  Isolated  Mucous  and  Demilune  Cells.— (i.)  Place  fragments  of  a  tresh 
doo-'s  sub-maxillary  gland  in  5  per  cent,  ammonium  chromate  (4-6  days). 
Tease  a  small  piece  in  the  same  fluid.  Note  the  isolated  mucous  cells,  each 
with  its  fibrillar  network,  spherical  nucleus  embedded  in  protoplasm,  and 
what  was  the  attached  end  of  the  cell  prolonged  into  a  process. 

(ii.)  The  cells,  membranes,  &c.,  are  readily  isolated  in  33  per  cent,  caustic 

potash.  1    (tc  •  >> 

14.  Mucous  Granules. — The  mucous  granules  are  readily  seen  by  fixing 
a  small  piece  of  the  gland  with  the  vapour  of  osmic  acid  {Langlcy).'^ 

15.  Salivary  Glands  of  Cockroach.— It  is  better  to  use  the  species  Pcri- 
planeta  amcricana.  Kill  the  animal  with  chloroform.  Pin  it  out  on  its  back 
on  a  cork  plate  and  make  the  dissection  in  normal  saline.  On  cutting  open 
the  thorax  longitudinally  one  sees  the  intestinal  tract,  and  on  each  side  of 
this,  lying  on  the  wall  of  the  latter,  are  the  flattened  salivary  glands.  They 
can  readily  be  removed.  They  may  be  examined  fresh,  or  stained  in  picro- 
carmine,  or  exposed  to  the  vapour  of  osmic  acid,  and  mounted  in  glycerine. 
They  show  well  the  general  arrangement  of  ducts  and  lobules.  Each  duct  is 
lined  by  a  spiral  chitinous  fibre  like  the  tracheae. 

16.  Terminations  of  Nerves  in  Serous  Glands. — The  rapid  hardening 
method  of  Golgi  (Lesson  XXX. )  as  directed  for  the  pancreas  has  been  used  by 
Fusari  and  Panasci  ^  for  the  nerve  terminations  in  the  serous  glands  of  the 
tongue  of  the  rat,  rabbit,  and  cat.  The  terminal  fibrils  form  an  epilemmal 
plexus,  i.e.,  outside  the  basement  membi'ane,  and  other  fibrils  pass  between  the 
gland  cells,  i.e.,  are  hypolemmal.    Fusari's  paper  is  accompanied  by  a  plate. 

17.  Gland-Ducts. — Sometimes  on  using  Golgi's  method  one  gets  the  lumen 
of  the  ducts  black.  If  this  happens,  then  an  excellent  view  is  obtained  of 
their  course  and  connections. 

18.  Fresh  Pancreas.— In  the  rat  and  rabbit  the  pancreas  is  spread  out  in 
lobules  in  the  mesentery,  and  if  a  piece  of  this  containing  a  thin  part  of  the 
pancreas  be  stretched  on  a  ring  of  cork  the  granules  can  be  seen  in  the  fresh 
alveolar  cells.    Osmic  acid  does  not  alter  the  granules  much,  but  alcohol  does. 

19.  Changes  in  Pancreas  Cells  may  be  seen  in  frogs — one  fed  say  three  or 
four  days  previously,  and  the  other  a  few  hours  before  it  is  required. 

20.  Eodded  Structure  in  Cells. — Macerate  a  small  piece  of  fresh  pancreas  in 
5  per  cent,  ammonium  chromate  for  2-3  days  ;  tease  and  examine  in  the  same 
fluid.    The  outer  part  of  some  of  the  cells  will  be  found  to  be  "  redded." 

21.  Outer  and  Inner  Zones  of  Pancreas  Cells. — («.)  Use  the  pancreas  of  a 
starving  animal.  To  stain  the  outer  zone,  use  ammoniacal  or  borax-carmine, 
and  for  the  gi-anules  of  the  inner  zone  stain  a  section  (fixed  on  a  slide)  with 
methyl-green-fuchsin-S  solution  made  by  mixing  methyl-green  (i  per  cent.) 
60  cc.  with  fuchsin-S  solution  ( I  per  cent.)  20  cc.  Stain  for  10  minutes.  Wash 
quickly  in  water.  Mount  in  balsam.  The  granules  are  red,  and  the  outer 
zone  clear.    [Fuchsin-S  is  acid-fuchsin.]    For  preparations  from  Flemming's 


^  Journal  of  Physiolorpj,  vol.  x.  p.  433. 
^  Archiv.  Hal.  de  Biol.,  xiv.  p.  240,  1891. 
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fluid,  stain  with  safranin  and  wash  with  alcohol  containing  picric  acid.  The 
safranin  stains  the  granules.  ^  •  j 

(6.)  A  pancreas  fixed  in  Fleraming's  fluid  or  sublimate  is  beautitully  stained 
by  means  of  the  following  modification  by  Oppel  of  Biondi's  fluid  :— 
Methyl-green  ( I  per  cent.)      .       .       .    120  cc. 

Eosin  ( I  per  cent. )  2  , , 

Acid-fuchsin  (i  per  cent.)  .  .  .  40  ,, 
Absolute  alcohol     .       .       .       .  .40,, 

The  gi-anules  are  red  and  the  nuclei  gi-een.  „      1  •.  -a 

22  Terminations  of  Nerves  in  Pancreas.— By  means  of  Golgi  s  rapia 
hardening  method  (Lesson  XXX.)— i.e.,  osmico-bichromate  fluid  and  then 
silver  niti-ate— Ramon  y  Cayal  and  Sala/  and  more  recently  Erik  Miiiler,- 
have  traced  the  terminations  of  nerve-fibres  in  the  pancreas  (dog,  rabbit). 
Numerous  nerve-fibres  enter  the  pancreas  along  its  ducts,  and  terminate  in  a 
rich  plexus  of  fibrils  around  the  individual  acini.  The  nerve-tibres  which 
surround  the  acini  are  derived  from  two  sources,  some  fibre  fibrils  are  branches 
of  Remak's  fibres,  and  others  are  processes  of  very  characteristic  cells,  which 
R.  y  Cayal  calls  "visceral  sympathetic  ganglion  cells."  These  cells  send  ott 
processes  which  are  arranged  as  part  of  the  "  peri-acinous  "  plexus  and  sonie 
of  them  penetrate  between  the  gland-cells.  Miiller  finds  that  the  fibrils  he  m 
relation  with  the  secretory  cells. 


LESSON  XXIY. 

THE  STOMACH. 

The  walls  of  the  stomach,  like  tlie  intestine,  are  composed  of  four 
coats,  named  from  within  outwards — 

(i.)  Mucous  coat,  i.e.,  the  glandular  coat. 

(2  )  Submucous,   composed   of  loosely-arranged  connective 

tissue,  the  larger  blood-vessels,  lymphatics,  and  nerves 
(1  )  Muscular,  composed  of  three  layers  of  non-striped  muscle 
longitudinal,  (&.)  circular,  (c.)  oblique.   In  some 
situations  only  two  layers  exist. 
(4.)  Serous,  from  the  peritoneum. 
The  mucous  coat  is  lined  by  a  single  layer  of  tall,  narrow,  cylin- 
drical mucous  cells— in  reality  mucus-secretmg  goblet-ceUs— for 
they  have  open  mouths  and  contain  mucigen.    The  cardiac  portion 
of  the  mucous  membrane  is  composed  of  tubular  glands-tundus 
glands— placed  side  by  side.    Several  gland-tubes  may  open  mto 

1  Tcrminacion  do  los  ncrvios  y  iubos  glandularcs  del  pawreas  de  los  vertc- 
trades,  Barcelona,  1891.  ,„^,oao 
^  Archivf.  mik.  Anat. ,  xl.  p.  405,  189.:!. 
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one  common  duct.  The  duct  is  short,  and  is  lined  by  cells  like 
those  covering  the  surface  of  the  stomach.  The  secretory  part  of 
each  gland  is  lined  throughout  by  a  layer  of  polyhedral  or  short 
columnar,  granular,  nucleated  cells,  called  chief,  principal,  inner, 
or  adelomorphous  cells.  At  intervals  between  these  and  the  base- 
ment membrane  of  the  gland  are  large,  ovoid,  conspicuous,  granular 
cells — outer,  parietal,  delomorphous,  or  oxyntic.  The  lumen  of 
the  gland  is  small  and  ill-defined. 

The  pyloric  mucous  membrane  is  beset  with  pyloric  glands, 
which  have  a  long  duct  or  neck,  and  are  usually  branched  at  their 
lower  ends.  The  duct  is  lined  by  a  layer  of  cells  like  those  lining 
the  stomach,  and  the  secretory  part  by  a  single  layer  of  short,  finely 
granular,  short  columnar  cells.  The  lumen  is  well-defined.  There 
is  more  connective  tissue  between  the  glands  than  in  the  cardiac 
portion.  Masses  of  adenoid  tissue  are  not  unfrequently  seen 
between  the  bases  of  the  pyloric  glands. 

Methods. — (i.)  Select  a  cat  or  dog  that  has  hungered  for  two 
days.  Kill  the  animal,  open  the  stomach,  and  place  small  parts  of 
the  cardiac  and  pyloric  ends  (all  the  coats)  in  equal  parts  of  chromic 
acid  (J  per  cent.)  and  spirit  (7-10  days).  Change  this  fluid  within 
twelve  hours.    Complete  the  hardening  in  alcohol. 

(ii.)  Place  smaU  pieces  of  the  cardiac  and  pyloric  mucous  mem- 
brane inch  cubes)  in  i  per  cent,  osmic  acid  (24  hours).  Wash 
well  and  harden  in  alcohol. 

(iii.)  Fix  pieces  of  the  pyloric  and  cardiac  mucous  membrane 
in  mercuric  chloride  (2-3  hours).  Take  care  to  remove  all  the  salt 
by  prolonged  washing  in  alcohol.  Perhaps  this  is  one  of  the  best 
methods  to  use. 

(iv.)  Absolute  alcohol  is  also  a  good  hardening  medium. 

To  bring  out  all  the  chief  characters  of  the  glands,  some  sections 
are  to  be  stained  in  logwood  and  mounted  in  balsam.  The  sections 
may  be  cut  by  freezing  or  in  paraffin,  after  staining  in  bulk.  Stain 
others  in  picro-carmine,  and  moimt  in  Farrant's  solution ;  others  in 
dilute  carmine  (24  hours).  Stain  others  with  i  p.c.  watery 
solution  of  aniline-blue  (Nicholson's  No.  i)  for  twenty  minutes. 
Wash  in  glycerine  and  water,  and  mount  in  Farrant's  solution. 
For  other  methods  (p.  271). 

1.  V.S.  Cardiac  End.— («.)  (L)  Observe  the  relations,  relative 
thickness,  and  structure  of  the  several  coats.  The  mucous  coat, 
with  its  gastric  or  cardiac  glands,  or  glands  of  the  fundus,  set 
vertically  like  so  many  tubes  in  a  rack  (fig.  256).  The  glands  are 
simple  tubular  glands,  and  some  of  them  have  several  secretory 
parts  opening  into  one  duct ;  at  their  bases  is  delicate  connective 
tissue,  adenoid  tissue,  and  blood-vessels.  Below  the  closed  ends 
of  the  glands,  in  the  cat,  a  clear  homogeneous  layer  of  condensed 
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connective  tissue,  and  under  this  two  or  three  thin  layers  of  non- 
striped  muscle— the  muscularis  mucosse.  The  clear  layer  of  con- 
densed tissue  is  not  present  in  the  rahbit,  dog,  or  man. 

(b )  The  submucous  coat,  composed  of  loose  connective  tissue, 
blood-vessels  and  a  few  fat-cells.      If  the  mucous 
membrane  be  folded  and  rugse  are 


with 


large 


the 
the 
the 
the 


present,  the  connective  tissue  will 
be  seen  to  run  up  into  the  folds. 

(c.)  The  muscular  coat  consists 
of  two  or  three  layers  of  smooth 
muscular  fibres.  The  appearance 
varies  according  to  the  manner  in 
which  the  plane  of  the  section 
cuts  them,  for  the  stomach  has 
an  outer  longitudinal  and  an  inner 
circular,  and  in  some  places  an 
oblique  muscular  coat. 

(d.)  Outside  all  a  thin  layer- 
peritoneum  or  serous  coat — con- 
sisting of  fibrous  tissue  covered  by 
a  layer  of  endothelium. 

(e.)  (H)  Study  speciaUy 
mucous  coat.  Observe 
columnar  epithelium  lining 
stomach,  and  dipping  into 
mouths  and  lining  the  ducts, 
which  are  slightly  funnel-shaped. 
The  cells  are  tall  and  narrow,  and 
if  the  section  be  not  too  thin,  the 
ends  of  them  may  be  seen  as 
very  small,  clear,  sharply-defined, 
polygonal  areas.  As  they  secrete 
mucus,  they  have  been  called  mucous  cells.  The  uper  two.thMs 
oi  so  of  the  cell  is  much  clearer  than  the  lowest  third,  which  taper 
somewhat,  and  is  more  granular.  Each  ceU  contains  an  oval  nucleus 
in  its  lowest  third,  i.e.,  near  its  attached  end.  .  i 

/)  Select  a  fmdus  gland  (fig.  257)-     Trace  its  duct  down- 
wards   and  note  that  perhaps  it  is  common  to  ^-e^^ 
portions.    In  the  true  secretory  part,  note  the  large  ovoid,  bomer 
Sarietal  or  outer  ceUs,  lying  next  the  basement  membrane.-ovoid 
Tshape  granular  in  appearance,  and  containing  an  ovoid  nucleus 
They  do  not  form  a  continuous  layer,  but  bulge  out  1-  ^^--iien 
membrane  here  and  there.   At  the  upper  part  of  the  glanf-t^^^B 
mrStal  cells  are  smaller,  and  placed  nearer  each  other,  ^hile 
owards  the  fundus  or  bas  of  the  gland  they  are  larger  and  further 


Serosa.  - 

Fig  2=^6  — V.S.  Wall  of  Human  Stomach, 
'i;.  Epithelium  ;  G.  Glands;  Mm.  Mus- 
cularis mucosa;,  X  15. 
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apart,  the  interval  between  any  two  being  occupied  by  the  inner  or 
central  cells.  The  parietal  cells  are  deeply  stained  by  aniline-blue 
and  carmine,  and  osmic  acid,  while  in  a  logwood-stained  section  the 
inner  cells  are  usually  more  deeply  stained. 

Observe  a  continuous  layer  of  cells— inner,  central,  or  chief- 
lying  internal  to  the  parietal  cells.  They  are  smaller,  and  belong 
more  to  the  columnar  type  of  cell,  but  they  are  not  of  uniform  height 
throughout ;  thus  they  are  shorter  over  a  parietal  cell,  and  larger 
between  two  parietal  cells.    Each  cell  contains  a  spherical  nucleus. 

The  lumen  of  the  gland-tube  is  very 
narrow.  The  secretory  part  is  much  longer 
than  the  duct. 

(^7.)  Arrange  the  preparation  so  that  the 
lower  ends  of  the  glands  come  into  view. 
Note  their  closed  extremities,  and  if  the 
granular  epithelium  have  shrunk  somewhat, 
the  basement  membrane  of  each  gland-tube 
may  be  seen ;  very  probably  transverse  or 
oblique  sections  of  the  lower  part  of  the 
gland  will  be  found  (fig.  257). 

(h.)  At  the  bases  of  the  gland-tubes,  but 
outside  their  basement  membrane,  note  the 
delicate  connective  tissue  or  adenoid  tissue, 
with  a  number  of  leucocytes.  If  the  section 
be  from  a  cat's  stomach,  a  clear  homogene- 
ous layer  runs  outside  this. 

(i.)  Outside  this  the  muscularis  mucosae 
composed  of  at  least  two  layers  of  non-striped 
muscle  arranged  in  opposite  directions. 
Especially  in  a  balsam  specimen,  fine  strands 
of  muscular  fibres  are  always  to  be  seen 
passing  from  the  muscularis  mucosas  in- 
wards towards  and  between  the  glands. 
Usually  these  fine  strands  pass  inwards 
between  groups  of  glands.  In  the  osmic 
acid  preparations,  the  parietal  cells  are  much 
darker  than  the  central  cells. 

(./.)  There  is  nothing  particular  to  note  in  the  structure  of  the 
other  coats. 

2.  T.S.  Fundus  Glands.— Make  a  section  parallel  to  the  surface 
of  the  mucous  membrane,  stain  with  logwood,  or  picro-carmine  and 
aldehyde-green,  or  use  an  osmic  acid  preparation. 

(H)  Observe  that  all  the  gland-tubes  are  not  cut  at  the  same 
level;  some  are  divided  through  the  duct,  others  through  the 
secretory  part  of  the  tube.    In  the  latter  observe  the  large  parietal 


Fig.  257.— V.S.  Mucous  Mem- 
brane of  the  Stomach,  Cat. 
Osmic  acid. 
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cells — few  in  number — and  inside  these  a  complete  layer  of  inner 
cells  bounding  the  small  lumen  of  the  tube  (fig.  258).    The  glands 

are  arranged  in  groups  as  shown 
by  the  connective  tissue  sur- 
rounding several  tubes.  This 
is  very  marked  in  the  pig. 

3.  Fresh  Fundus  Glands. — 
From  the 
mucous  /^^_ 
membrane 
of  the  sto- 
mach of  a 
newly- 
killed 
guinea-pig 
make  a 
thin  verti- 
cal section 
with  scis- 
sors, and  tease  it  in  normal  saline  to  isolate 
some  of  the  glands.  This  animal  is  selected 
because  its  gland-tubes  are  short,  but  a  rabbit 
does  very  well.  The  elevations  of  the  base- 
ment membrane  due  to  the  bulging  of  the 
parietal  cells  are  usually  well  seen. 

4,  V.S.  Pyloric  Mucous  Membrane  (fig. 
259). — (a.)  (L)  Observe  the  same  arrangement 
of  coats  as  in  the  cardiac  end ;  but  the  muscu- 
lar coats  are  thicker  ;  the  mouths  of  the  gland- 
tubes  are  wider  and  longer,  the  secretory  part 
more  branched  and  shorter  than  in  the  cardiac 
portion.  There  is  also  much  more  connective 
tissue  between  the  glands. 

(6.)  (H)  The  wide  mouth  of  the  glands,  lined 
by  narrow  columnar  epithelium,  the  secretory 
part  consists  of  several  tubes  opening  into  one 
gland-duct.  The  secretory  part  lined  by  a 
single  layer  of  cells,  somewhat  cubical,  but 
there  are  no  parietal  cells. 

(c.)  There  is  much  more  connective  tissue 
between  the  tubes.    A  mass  of  adenoid  tissue 

 solitary  follicle — may  be  seen  in  the  deeper 

part  of  the  mucous  coat.  In  some  cases  its  pointed  apex  may  be 
seen  reaching  nearly  to  the  surface  of  the  mucous  membrane 


Fig.  258.— T.S.  Duct  of  Gland  of  Fundus,  a. 
Chief,  h.  Parietal  cells ;  r.  Adenoid  tissue; 
c.  Capillai'ies. 


Fig.  259.  —  V.S.  Pyloric 
Mucous  Membrane.  D. 
Duct ;  S.  Secretory  part 
of  gland ;  C.  Connective 
tissue. 


5.  Osmic  Acid  Preparations.— Few 


reagents 


are  so 


good 


for 
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fixing  the  cells  of  the  glands  of  the  mucous  membrane  (mount  in 
Farrant's  solution).  In  sections  of  the  fundus,  the  outer  cells  are 
more  deeply  stained,  and  so  are  readily  distinguished.  The  columnar 
cells  lining  the  ducts  of  the  cardiac  and  pyloric  glands  may  be 
blackened  by  the  osmic  acid  where  they  contain  mucigen. 

6.  Blood-Vessels  of  the  Stomach.— Make  V.S.  of  an  injected 
stomach  embedded  in  paraffin.  Mount  in  balsam.  They  must  not 
be  too  thin.  jSIote  the  large  vessels  in  the  submucous  coat,  a,nd 
from  them  smaller  vessels  proceeding  vertically  upwards,  splitting 
up  into  capillaries  between  the  tubules,  and  forming  a  capillary 
network  round  the  mouths  of  the  glands.    Beautiful  plates  by  Mall.^ 

7.  Pyloro-Duodenal  Mucous  Membrane. — It  is  well  to  have  a 
section  through  the  pyloric  valve  to  include  the  mucous  membrane 
on  its  gastric  and  duodenal  boundaries.  To  ensure  this,  the  mucous 
membrane  or  entire  thickness  of  the  stomach  must  be  pinned  out 
on  cork  before  it  is  hardened  by  any  of  the  methods,  e.g.,  sublimate 
(p.  267).  It  is  treated  like  the  sections  of  the  stomach,  and  does 
best  when  stained  with  eosin-hsematoxylin.  On  one  side  of  the 
thickened  pyloric  valve — the  increased  thickness  being  due  chiefly 
to  an  increase  of  the  circular  muscular  fibres — one  sees  the  pyloric 
structure,  and  on  the  other  that  of  the  duodenum.  The  tubular 
glands  of  the  stomach  are  confined  to  the  mucous  membrane,  but 
the  acini  of  Brunner's  glands  lie  in  the  submucous  coat  of  the 
duodenum. 

8.  Junction  of  (Esophagus  and  Stomach. — Similar  preparations 
may  be  made.  The  transition  from  the  oesophageal  mucous  mem- 
brane with  stratified  epithelium  and  few  glands  in  the  oesophagus 
to  that  of  the  stomach  with  its  columnar  epithelium  and  mucous 
glands  is  sudden  and  abrupt. 


ADDITIONAL  EXERCISES. 

9.  Double-Staining  the  Stomach. — Harden  the  stomach  in  Miiller's  fluid, 
and  stain  (24  hours)  the  sections  in  indigo-carmine  (p.  67) ;  afterwards  extract 
the  excess  of  pigment  by  steeping  them  for  half  an  hour  in  a  saturated  sohition 
of  oxalic  acid.  Mount  in  Farrant's  solution  or  balsam.  The  parietal  cells  are 
grey  or  blue,  the  central  ones  coloured,  but  with  red  nuclei,  and  the  smooth 
muscle  blue  with  red  nuclei. 

10.  Ehrlich-Biondi  Fluid.— Stain  in  this  fluid  sections  of  the  mucous  mem- 
brane fixed  in  sublimate  (saturated  in  .6  per  cent.  NaCl).  If  the  fluid  bo  kept 
for  some  time,  an  additional  quantity  of  acid-fuchsin  must  be  added  to  it. 
The  parietal  cells  are  red  and  their  nuclei  blue  ;  the  chief  cells  are  scarcely 
stained  at  all,  but  their  nuclei  are  faintly  blue.  Vacuoles  may  be  seen  in  some 
of  the  outer  cells. 

11.  AniMne-blue  and  Safranin.— Sections  of  the  cardiac  end  fixed  in 
1  Vessels  and  Walls  of  Dog's  Stomach,  Johns  Hopkins  Hosp.  Rep.,  vol.  i.  1893. 
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mercm-ic  chloride  are  stained  with  aniline-blue  and  then  with  safranin.  In 
balsam  preparations  the  parietal  cells  are  pale  blue,  the  inner  cells  red. 

12  Isffid  Cells  of  feastric  Glands. -Macerate  fragments  of  the  gastric 
mucous  membrane  of  a  newt  in  5  per  cent,  ammoniiim  chrouiate  (24-48  hours). 
SiTTn^lro  carmine,  and  tease  in  glycerine.  Numerous  isolated  cells  from 
the  ducts  and  secretory  parts  of  the  glands  are  obtained. 


LESSON  XXV. 
THE  SMALL  AND  THE  LARGE  INTESTINE. 
SMALL  INTESTINE. 

It  has  four  coats— mucoiis,  submucous,  muscular,  and  serous. 

Study  specially  the  mucous  coat.  In  man,  in  cer tarn  parts,  there 
are  permanent  folds  of  the  mucous  membrane-valvid^  con- 
Sentr-and  everywhere  the  surface  is  beset  wi  h  small  corneal 
dJvat  ons-^.  At  the  bases  of  the  villi  is  a  layer  of  simple 
tuUdriands-Lieberkiihn's  glands-embedded  m  an  adenoid 
tiW  matrix.   Underneath  this  is  the  musculans  mucosa,  usually 

•  i-;r.rr     thrpp  thin  layers  of  smooth  muscle. 
"TSuS       3  mm'ong')  consists  of  a  central  core  enclosing  a 
l«oTeS^md  covered  by  a  single  layer  of  columnar  epithelium  with 

n  r^P^ls  ^Lelson  V  ).    The  body  of  a  villus  consists  of  a  tissue 
t^noid  t?ss^^^^  w  h  leucocytes  and  other  ceUs.    The  central 

Spteral  strand  of  smooth  muscle  pass  from  the  musculans  mucosa 
fnto  tt  villus  and  reach  its  upper  extremity.  It  is  very  vascular, 
and  tt  blood-vessels  are  distributed  immediately  under  the  epi- 

ThTmucous  membrane  also  contains  soHtary  follicles,  and  in 
some  sikXns  Peyer's  patches,  the  latter  are  most  abundant  m 

^^Methods -Make  transverse  sections  of  the  small  intestine  of  a 
cat  or  do''  hardened  in  a  mixture  of  potassic  bichromate  and 
cWc  acid;  Klein's  fluid;  I  per  cent,  chromic  acid;  Klemen- 

't?  S  ^s^rS  — ylin  and  mount  it  in  balsam,  or 
.    ^^iXer  in  picro-carmine  and  mount  it  in  Farrant's  solution, 
stain  another  m  pic  ^^^^^  ^^^^^.^^^        ^^^^  preserved  by 

stinlL^n  bullJn  borax-carmine  and  cutting  m  paraftin,  or  embed 
n  paraffin,  cut,  fix  on  a  slide,  and  then  stain. 
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(iii.)  Cut  sections  by  freezing  and  place  some  in  i  per  cent,  osmic 
acid  (24  hours).  This  sharpens  the  outlines  of  many  of  the  structures. 

(iv.)  It  is  convenient  in  teaching  to  give  a  complete  transverse 
section  of  the  small  intestine  of  a  small  animal,  e.g.,  mouse  or 
Idtten.  In  herbivora  the  wall  of  the  gut  is  very  thin.  Stain  in 
bulk  and  cut  in  paraffin.  Flemming's  fluid  is  an  excellent  "  fixing  " 
reagent  both  for  the  small  and  large  intestine.  Stain  the  sections 
in  safranin. 

1.  T.S.  Small  Intestine  (L). — Observe  the  serous,  muscular, 
submucous,  and  mucous  coats  (fig.  260). 

{a.)  In  the  mucous  coat,  the  surface  beset  vrith  small  conical 
projections — viUi — which,  if  they  are  contracted,  exhibit  wrinkles 
on  their  surface.  At  the  bases  of  the  villi  a  single  layer  of  simple 
test-tube-like  glands — glands  of  Lieberkiihn— or  intestinal  glands, 
embedded  in  an  adenoid  tissue  matrix.  Outside  this  the  muscu- 
laris  mucossB. 

(&.)  The  submucous  coat,  composed  of  fibrous  tissue  with  nerves 
and  blood-vessels. 

(c.)  The  muscular  coat,  composed  of  two  layers,  an  outer  longi- 
tudinal and  an  inner  circular  layer.  In  the  cat,  the  latter  is  much 
thicker  than  the  former. 

{d.)  The  serous  coat. 

(e.)  (H)  Study  a  villus.  Observe  the  single  layer  of  granular 
nucleated  columnar  epithelium  covering  it,  each  ceU  with  its  free 
end  covered  by  a  clear  disc,  with  vertical  striae  (fig.  260).  The 
succession  of  these  free  clear  borders  looks  like  a  clear  hem  round 
the  circumference  of  the  villus.  Occasionally  leucocytes  may  be 
seen  between  the  cells. 

if.)  The  goblet-ceUs,  chalice,  or  caliciform  cells  scattered  among 
the  former  (fig.  260).  They  may  be  seen  from  the  side,  or  their 
open  rounded  mouths  may  be  directed  toward  the  observer.  When 
seen  from  the  side,  they  are  ovoid,  with  a  larger  and  clearer  upper 
part  containing  mucigen,  and  a  smaller,  lower,  granular,  nucleated 
part  (Lesson  V.).  Sometimes  a  plug  of  mucus  may  be  seen  protruding 
from  the  mouth  of  a  cell.  It  is  stained  blue  with  logwood  and  brown 
with  Bismarck  brown.  If  the  mucous  glands  be  active  and  the  fredi 
tissue  be  fixed  in  osmic  acid,  then  the  plug  of  mucus  is  black. 

{g.)  In  the  centre  of  the  villus  a  vertical  space,  the  radicle  of  a 
lacteal,  with  a  thin  nucleated  wall.  The  substance  of  the  villus 
consists  of  adenoid  tissue  beset  with  leucocytes.  Close  under  the 
epithelium,  perhaps,  sections  of  capillaries,  and  a  little  farther  in 
one  or  more  strands  of  non-striped  muscle,  which  can  be  traced  to 
the  apex  of  the  villus,  and  downwards  to  the  muscularis  mucosse 
(fig.  260,  MM). 

(/i.)  The  glands  of  Lieberkulm  lined  by  short  columnar  nucleated 
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cells,  the  nucleus  near  the  attached  end  of  the  cell. 


a  gradual  transition 
A  clear  border  may 


There  is 

from  these  cells  to  those  covering  the  viUi. 
be  seen  on  their  free  ends.  Bizzozero  has 
called  these  "protoplasm  cells"  to  dis- 
tinguish them  from  the  goblet-cells  which 
lie  amongst  them.  Goblet-cells,  however, 
are  far  more  abundant  in  the  large  intestine. 
The  lumen  of  each  gland  is  distinct,  and, 
especially  if  the  lining  cells  be  raised 
slightly,  the  basement  membrane  of  the 
gland-tube  may  be  seen.  Between  the 
gland-tubes  numerous  leucocytes  and 
adenoid  tissue ;  in  fact,  the  glands  are  set 
in  a  meshwork  of  this  tissue. 

(i.)  The  muscularis  mucosae  sends  deli- 
cate processes  into  the  villi.  This  is  best 
recognised  in  balsam  specimens,  by  the 
arrangement  of  the  fusiform  nuclei  of  the 
smooth  muscle  cells. 

(j.)  A  solitary  gland  or  a  Payer's  patch 
may  be  cut,  but  it  is  better  to  have  special 
preparations  for  these. 

2.  Peyer's  Patches  .  or  Agminated 
Lymph  Follicles.— (i.)  Make  Y.S.  through 
a  hardened  Peyer's  patch  (sublimate  or 
alcohol).  Stain  with  eosin  and  hsemato- 
xylin  and  mount  in  balsam. 

(ii.)  rix  a  Peyer's  patch  of  a  rabbit  or 
guinea-pig  in  Flemming's  fluid.  Fix  a  sec- 
tion on  a  slide  and  stain  it  first  in  i  per  cent, 
aniline-blue  (watery).  Wash  out  in  i  per 
cent,  ammonia,  then  in  .5  per  cent.  HCl, 
and  stain  in  safranin  (Garbini).  Mount 
in  balsam. 

(L)  Observe  a  group  of  oval  or  roundish 
masses  of  adenoid  tissue  crowded  with 
leucocytes  confined  to  one  side  of  the  gut. 
The  conical  apices  of  some  of  them  may  be 
seen  projecting  upwards  quite  to  the  mucous  surface,  covered  only 
bv  a  layer  of  columnar  epithelium.  Between  the  epithehal  cells 
mav  be  seen  colourless  corpuscles  which  have  wandered  froni  the 
adenoid  mass.  The  lower  ends  of  the  masses  usually  pass  down 
into  the  submucous  coat.  No  villi  exist  over  the  apices  of  these 
masses  of  adenoid  tissue  if  they  project  well  into  the  mucous  layer. 
If  however,  they  do  not,  but  exist  merely  as  rounded  masses  of 


Fig.  260.— T.S.  Small  Intestine 
(Cat).  K  Villi;  LO.  Lieber- 
kiihu's  glands;  MM.  Mus- 
cularis mucosce ;  C  and  L. 
Cii-cular  and  longitudinal 
fibres  of  muscular  coat;  S. 
Serous  coat. 
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Villi 
with  epi 
tlielium. 


adenoid  tissue  in  the  submucous  coat,  then  they  present  the  appear- 
ance seen  in  fig.  261. 

A  solitary  follicle— exactly  like  one  of  the  numerous  follicles 
which  compose  a  Peyer's  patch — may  be  seen  (fig.  262). 

3.  Blood- Vessels  of 
the  Small  Intestine. — 
Make  a  pretty  thick 
transverse  section  of  a 
weU-injected  small  in- 
testine (cat).  Cut  in 
paraffin  and  mount  in 
balsam. 

(L)  The  mucous  coat 
is  the  most  vascular 
part ;  the  larger  vessels 
lie  in  the  submucous 
coat,  and  few  vessels  in 
the  muscular  coat. 

(H)  An  artery  runs 
to  the  upper  part  of 
each  viUus  and  gives 
off  a  plexus  of  capil- 
laries ;  a  vein  on  the 
opposite  side.  A  rich 
plexus  of  capillaries 
between  Lieberkiihn's 
glands.  If  the  section 
pass  through  a  solitary 
follicle,  note  that  the 
capillaries  pass  into  it 
and  form  loops  (fig. 
262). 

The  general  distribu- 
tion of  the  blood-vessels 
is  shown  in  fig.  263, 
which  shows  how  the 
blood  reaches  the  vari- 
ous coats. 

4.  Surface  View  of 


Circular 
muscle. 


Longi- 
tudinal 
muscle. 


FlQ.  261.- 


-Longitudinal  Section  through  a  Teyer's  Patch 
of  the  Small  Intestine  of  a  Dog. 


Injected  Villi. — To  see  the  general  arrangement  of  the  blood-vessels 
in  the  mucous  membrane,  inject  the  blood-vessels  of  a  rabbit  with 
a  red  gelatine  mass.  Mount  in  balsam  a  part  of  the  wall  of  the 
small  intestine,  placing  the  mucous  surface  uppermost. 

(L)  Note  the  villi,  and  trace  the  artery  to  its  origin  from  a  larger 
artery  in  the  submucous  coat  (fig.  264).    The  artery  runs  on  one 
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side  of  the  villus  quite  to  the  apex  of  the  latter,  and  the  vein— a 
wider  vessel — descends  on  the  opposite  side.  There  is  a  dense 
plexus  of  capillaries  (C)  placed  close  under  the  epithehal  covering. 
The  hest  figures  of  the  blood-vessels  of  the  intestine  are  to  be  found 
in  Mall's  paper.  ^ 

5.  Nerve-Plexuses  in  Intestine. — (a.)  Gold  Chloride  Method. — 
Wash  the  small  intestine  of  a  rabbit  with  normal  saline,  fill  it  with 


Villi  mth 
blood-vessels. 


Solitary 
follicle. 


Mucous  mem- 
brane with 
villi. 


llJ'^Wtl  Blood- vesseU. 


Muscular  coat. 


f  IG  262  -Mucous  Membrane  of  Small  Intestine  (Rabbit),  Injected,  showing 
villi  and  a  solitary  follicle,  x  50. 

lemon-iuice  or  5  per  cent,  arsenic  acid,  and  leave  it  in  lemoii-juice 
or  acid  for  five  minutes.  AUow  the  juice  to  escape,  wash  the  gut 
in  water,  fill  it  with  i  per  cent,  gold  chloride,  and  place  it  in  \  per 
cent,  gold  chloride  solution  (30  mins.).  Wash  it  m  water,  and 
keep  it  in  the  dark  in  25  per  cent,  formic  acid  (48  hours),  it  is 
now  easy  to  separate  the  coats  of  the  mtestine  from  _  each  other. 
Wash  in  water  to  remove  all  the  acid,  and  with  a  pair  of  forceps 
strip  off  the  longitudinal  muscular  coat  (Auerbach's  plexus  adheres 
to  this) :  it  separates  quite  easily  from  the  circular  coat.  1  reserve 
what  remains.  Mount  a  small  part  of  the  longitudinal  muscular 
coat  in  Farrant's  solution. 

(&.)  Methylene-hlue  Method  (p.  284). 

1  "  Die  Bhit-  u.  Lymph-wege  im  Diinndarm  des  Hundes,'' d.  math.- 
pJvys.  Classe  d.  K.  Sdclis.  Ocsell.  d.  Wisscns.,  Bd.  xxiv.,  1887. 
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Grlands. 


6.  Auerbach's  Plexus  lies  between  th.e  muscular  coats,  but  when 
they  are  separated  it  usually  adheres 
to  the  longitudinal  coat.    The  general 
arrangement  of  the  plexus  can  be 
seen  with  the  naked  eye  (fig.  265). 

(L)  The  polygonal  mesh  work  of 
purplish  stained  fibres,  with  slight 
swellings  at  the  points  of  intersection 
(fig.  266). 

(H)  The  meshes  are  so  large  that 
only  a  part  of  them  comes  into  the 
field  of  view  at  once.  Note  the  non- 
medullated  nerve-fibres,  and  at  the 
nodes,  groups  of  nerve-cells.  From 
the  plexus  numerous  fibres  are  given 
off  to  supply  the  smooth  muscle  of 
the  intestine. 

7.  Ganglionic  Cells. — In  a  vertical 
section  of  the  gut  (prepared  as  in  1) 
look  for  groups  of  ganglionic  ceUs  in 
the  submucous  coat  and  others  be- 
tween the  two  layers  of  muscular 
fibres  (fig.  267). 

8.  Meissner's  Plexus.  —  Spread 
what  remains  after  removal  of  the 
longitudinal  muscular  coat  on  a  slip  of  glass,  mucous  surface 


Fig.  263. — Scheme  of  the  Distribution 
of  Blood- Vessels  in  the  SmaU  In- 
testine of  a  Dog.  J/.J/.  Muscularia 
mucosas. 


FIG.  264.-Injected  Villi  of  Small  Intestine  of  Rabbit,  seen  from  above  and  laterally. 
A.  Artery ;  V.  Vein ;  C.  Capillary  network. 

uppermost.    "With  a  knife  gradually  scrape  away  the  mucous  coat. 
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With  care — observing  the  preparation  from  time  to  time  under  a 
low  power  of  the  microscope — the  progress  of  the  process  of  denu- 
dation can  be  easily  observed.  By  and 
by  the  plexif  orm  arrangement  of  Meissner's 
submucous  plexus  will  be  seen.  Mount 
in  Warrant's  solution  (fig.  268). 

(L)  Observe  the  large  wide  meshes  of 
the  plexus.  Compare  the  general  arrange- 
ment of  the  plexus  with  that  of  Auer- 
bach's  plexus.  The  fibres  are  finer,  and 
the  groups  of  nerve-cells  smaller. 

(H)  Note  the  ganglionic  nerve-cells  at 
the  nodes  (fig.  268). 

9.  Brunner's  Glands. — These  glands 
are  confined  to  the  duodenum.  Proceed 
exactly  as  recommended  for  the  small  in- 
testine. Stain  a  section  with  logwood  and 
use  eosin  as  a  counter  stain.    This  gives 

excellent  results. 

Perhaps  the  best  method  is  to  slit  up  the  duodenum  longitudi- 


FlG.  265.  —  Auerbach's  Plexus 
(Rabbit).  Lemon-juice  and 
gold  chloride,  x  8. 


FIG.  266.— Auerbach's  Plexus  (Dog). 


naUv  nin  it  out  on  a  cork  plate,  and  fix  it  in  mercuric  chloride  (an 
hour'aHo-  C.  in  a  thermostat,  or  24  bours  at  ordinary  tempera- 
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ture).  The  surplus  HgClg  is  extracted  witli  water  at  30  and 
afterwards  with  alcohol  at  40°  C.  It  is  then  removed  from  the 
cork  plate  and  hardened  in  alcohol.  Emhed  and  cut  m  paraffin. 
Kuczynskii  ^as  investigated  these  glands  in  a  great  number  ot 


Fig  267.— Auerbaoh's  Plexua  iii  Section,  a.  Ganglionic  cells  ;  b.  Nerve-flbrea ;  c.  Circular, 
and  d.  Longitudinal  muscular  fibres. 


animals  and  man,  and  tried  a  great  variety  of  stains.  Kleinenberg's 
fluid  is  also  very  good  as  a  fixing  reagent, 

(L  and  H)  Note  villi,  Lieherkiihn's  glands  and  the  usual  intes- 
tinal coats.    In  the  submucous  coat,  which  is  thick,  are  the  acini 


Fio.  268.— Meisaner's  Plexus  Intestine  (Rabbit).  lemon-juice  and  gold  chloride. 

of  Brunner's  glands  (fig.  269),  each  composed  of  a  basement  mem- 
brane lined  by  cubical  or  short  columnar  cells.    A  duct  from  each 

^  Internat.  Mmmts.  f.  Anat.  u.  Phys.,  vii.,  1890,  419. 
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gland  perforates  the  muscularis 


mucosae,  passes  up  between  the 
intestinal  glands,  and  opens 
on  the  free  surface  at  the 
bases  of  the  villi.  It  has  a 
distinct  lumen,  and  is  lined 
by  low  cubical  epithelium. 

10.  Fresh  Villus.— Pre- 
ferably that  of  a  mouse. 
Examine  in  normal  saline. 


"NEusoularis 
mucosEe. 


Submucous 
coat. 


Muscular 
Tcoat. 


Serous  coat. 

Tig.  269.— v.  S.  Duodenum  of  Cat.  c,  I.  Circular 
and  longitudinallayers  of  muscle;  Lg.  Lieber- 
kiihn's  glands;  Bg.  Brunner's  glands;  g. 
Ganglion-cells ;  v.  Villi. 


LARGE  INTESTINE. 

Methods. — Prepare  it  m 
the  same  way  as  the  small 
intestine,  and  make  vertical 
transverse  sections.  The 
details  of  the  structure  wUl 
necessarily  vary  with  the 
animal  used,  but  perhaps  the 
cat  is  as  convenient  an 
animal  as  any  to  employ. 
I  can  strongly  recommend 
Plemming's  fluid.  Sections 
to  be  stained  with  safranin. 
11.  T.S.  Large  Intestine  (fig.  270). — As  the  large  intestine  is 
wide,  it  is  necessary  in  making  the  section  to  select  a  portion  of  the 
great  gut  which  shows  the  longitudinal  coat.  In  man,  the  coat 
is  not  a  continuous  one,  the  longitudinal  fibres  being  grouped  for 
the  most  part  into  three  flat  bands  of  flbres. 

(L)  Beginning  from  without  inwards,  observe  four  coats.  In 
the  muscular  coat,  note  the  peculiarities  of  the  longitudinal  coat 
and  the  thick  well-marked  continuous  circular  coat.  There  ^  is 
nothing  special  about  the  submucous  coat,  unless  it  be  the  exist- 
ence of  solitary  follicles,  which,  however,  are  not  conflned  to 
the  large  intestine.  The  mucous  coat  is  characterised  by  negative 
characters.  There  are  no  villi.  It  may  exhibit  folds,  into  each 
of  which  there  runs  a  projection  of  the  submucous  coat. 
Lieberkiihn's  glands,  cut  vertically,  and  some  of  them  obliquely  or 
horizontally. 

(H)  In  the  mucous  coat  the  glands  of  Lieberkiihn,  larger  than 
those  of  the  small  intestine,  and  lined  by  cells — protoplasm  cells — 
with  nuclei  near  their  attached  ends.  Amongst  them  are  very 
many  goblet-ceUs  (fig.  271). 
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Epithelium. 


Mucous 
membrane. 


Capillary. 


Solitary 
follicle. 


Lieber- 
klihn's 
glauds. 


Muscularis 
muoosse. 


Submucous 
coat. 


Circular 
fibres. 

Muscular 
coat. 

Longitudi- 
nal fibres. 


Fig.  270. — L.S.  Large  Intestine. 

12.  Vermiform  Appendix  (Rabbit). — This  is 
instructive  on  account  of  the  lymphatic  follicles 
it  contains  and  the  micro-organisms  contained 
in  these  follicles  (p.  284).  Fix  it  in  mercuric 
chloride  and  treat  it  as  recommended  for  the 
other  parts  of  the  intestine.  The  lymph-sinuses 
are  readily  injected  by  the  "puncture"  method 
with  watery  solution  of  Berlin-blue.  Fix  in 
Miiller's  fluid  and  harden  in  alcohol. 

The  lymph  follicles  are  arranged  in  two  or 
three  rows,  the  one  inside  the  other,  but  the 
innermost  layer  does  not  project  beyond  the  level 
of  the  mucous  membrane.  The  apices  of  the 
inner  row  are  covered  only  by  cylindrical  epi- 
thelium. 


271.  - 


Lower 
End  of  a  Lieber- 
Iciilin's  Gland, 
Large  Intestine 
of  Dog.  G.  Gob- 
let-cells. 
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ADDITIONAL  EXERCISES. 

13.  T.S.  ViUiiB.— Stain  a  liardened  mucous  membrane  (with  villi)  of  a  dog 
or  cat  "  in  bullc"  in  borax-carmine  or  Kleinenberg's  logwood,  embed  and  cut 
T  S  in  paraffin,  fix  on  a  slide,  remove  the  paraffin  with  turpentine  clarify 
with  clove-oil,  and  mount  in  balsam.    Many  of  the  viUi  will  be  cut  obliquely. 

(H)  Observe  the  lacteal  (L)  in  the  centre,  and  round  it  the  structure  ot  the 
stroma  of  the  villus,  with  several  groups  of  non-striped  muscle-cells  (m)  close 
to  and  surrounding  the  lacteal.  In  some  animals  (dog)  there  is  a  double  row 
of  these  smooth  muscles  (fig.  272).    The  capillaries  immediately  under  the 

epithelium  (c),  the  smooth  muscular 
fibres  parallel  to  the  lacteal,  and  the 
stroma — composed  of  anastomosing 
fine  trabeculse  with  parenchymatous 
cells  and  leucocytes — make  up  the 
elements  present  in  the  core  of  a 
villus. 

Great  diS'erences  exist  in  the  rela- 
tive size  of  the  stroma  and  lacteal  in 
villi.  In  the  dog  and  cat  the  lacteal 
is  relatively  small,  and  the  stroma 
abundant ;  in  the  rabbit  the  lacteal 
is  very  large,  and  the  stroma  scanty. 

14.  Non-Striped  Muscle  in  Villi.— 
The  method  of  Kultschitzky  enables 
the  course  of  the  fibres  to  be  more 
clearly  traced.  Harden  (for  twenty- 
four  hours)  a  piece  of  dog's  small  in- 
testine in  the  following  fluid:— A 
saturated  solution  of  potassic  bichro- 
mate and  copper  sulphate  in  50  per 
immediately  before  using,  is  added 


  _      ,    ^.    L.  "Lacteal ; 

'Muscle;  c.  Capillaries,  x  400. 


Villus  (Dog). 


cent,  alcohol  (in  the  dark),  to  which,  — ^-^--^^j  c- 
S-6  di-ops  (to  100  cc.)  of  acetic  acid.  The  preparation  and  ^id  must  be  kept 
in  the  daii.  Complete  the  hardening  in  absolute  a  cohol.  Make  sectaons, 
and  stain  them  in  acid  chloral-hydrate  carmine,  which  is  made  as  iollows  :- 
Chloral  hydrate,  10  grams;  hydrochloric  acid  (2  per  cent.),  100  cc.  Add  to 
tMs  dry  cirmine  (.75  to  1.5  gram),  according  to  the  sti-ength  of  staan  desired 
Boil  for  one  and  a  half  hours,  preventing  evaporation  by  means  oj  ^  coohng 
apparatus.  Allow  it  to  cool  and  filter.  If  the  preparations  stained  with  this 
dye  be  washed  in  2  per  cent,  alum,  the  nuclei  and  other  tissues  becoine  violet 

Sections  stained  thus  show  the  course  of  the  smooth  f  "/.^^^^  .^P^ 
muscularis  mucosa  obliquely  between  Lieberkiihn's  f^J^ds  into  tW^^^^^^ 
they  are  arranged  in  several  bundles  near  the  lacteal.    They  cmve  i^s  tliey 
ascend  in  the  villus,  the  concavity  looking  outwards,  and  are  fixed  01  inseited 
c  ose  under  the  epithelium.    They  pass  quite  to  the  apex  of      vilhis  b  com- 
ing thinner  as  they  go,  where  they  each  split  up  into  a  pencil  of  fibres,  the 
filires  beine  inserted  close  under  the  epithelium.  i„„x;„„ 
15  ffienhain'B  Method—Harden  small  pieces  of  the  small  intestme 
c  a    dog  or  cat  (24  hours),  in  a  .5  solution  of  common  salt  saturated  with 
mercS  chloride     Place  it  for  twenty-four  hours  in  alcohol  80,  90,  and  55 
per  c^nt  ,  and  finally  in  absolute  alcohol.    Saturate  with  ^^^'lol^  ^J^bed  in 

araffin  and  cut  thi/  sections,  which  are  fixed  on  a  slide  with  a  '  fixat  ve 
ifte7?he  ?araffiu  has  been  got  rid.  of  by  turpentine      ?;ylo  J  and^^^^^^^ 
Le  displaced  by  alcohol,  the  sections  are  stained  on  the  slide  with  Ehilicu 
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Bioiidi's  fluid  (p.  81),  diluted  with  40  or  50  volumes  of  water.  It  reqm  es 
10-12  boui's  to  stain  the  sections,  which  are  then  mounted  in  balsam,  ihis 
preparation  is  particularly  valuable  for  studying  the  various  forms  of  cells  that 
occur  in  the  stroma  of  a  villus.  1  a    x      i      1 -n 

16  Absorption  of  Fat.— (i.)  Feed  a  frog  on  fat  bacon  ;  after  two  clays  kill 
it,  and  tease  a  portion  of  the  mucous  membrane  of  the  intestine  m  normal 
saline,  or  dissociate  it  in  dilute  alcohol.  Observe  the  isolated  columnar  cells 
crowded  with  fine  granules  of  oil,  which  are  blackened  on  the  addition  ot 

osmic  acid.  .      •  j  /     i  \ 

(ii.)  A  better  plan  is  to  stain  the  mucous  membrane  m  osmic  acid  (24  Hours;, 
and  embed  it  in  parafiin.    It  is  to  be  remembered,  however,  that  steeping  the 


Tig.  273. -Villus  of  Dog's  In- 
testine, with  Lacteal  and 
Non- Striped  Muscle.  L. 
Lacteal,  x  250. 


Fig.  274.— Section  of  Intestine  of 
Frog.  Absorption  of  fat.  Osmic 
acid. 


mass  or  sections  of  it  in  parafiin  discharges  in  part  the  black  colour  of  the  fatty 
granules  (p.  33). 

(iii. )  Feed  a  rat  on  bread  and  fat  of  bacon  ;  kill  it  four  hours  afterwards  by 
means  of  curare.    Harden  the  small  intestine  in  OSO4. 

(H)  Observe  the  projections  like  folds  of  the  mucous  membrane.  The 
columnar  cells  covering  them  are  crowded  with  blackened  particles — fatty 
granules  blackened  by  osmic  acid  (fig.  274). 

17.  Tubular  Glands  of  the  Intestine. — In  studying  these,  different  fixing 
fluids  are  used  according  to  the  animal  selected  (Bizzozero).''  Amongst  the 
best  fixing  reagents  are  saturated  watery  solution  of  picric  acid  or  picro- 
sulphuric  acid  (2  days),  and  wash  in  water  (i  day),  subsequently  hardening  in 
alcohol.  This  is  suitable  for  the  rectum  of  the  mouse  and  dog.  For  the 
duodenum,  either  alcohol  or  Flemming's  fluid,  or  Hermann's  fluid  (Lesson 
XXXV.).  They  are  stained  in  safranin  (1-2  hours),  washed  (10-15  sees.)  in 
absolute  alcohol,  and  then  stained  in  hrcmatoxylin.  Cleared  in  bergamot 
oil  and  mounted  in  balsam.  Safranin  stains  the  nuclei  of  the  cells,  but  not 
the  mucin.  The  latter  is  stained  by  the  logwood,  and  one  can  trace  it  from 
the  goblet-cells  passing  into  the  lumen  of  the  tubule.  Mitosis  may  bo 
observed  both  in  the  protoplasmic  and  goblet  colls. 

1  Pflilgcr's  Archiv,  Supp.  Bd.,  1888. 

2  Archiv  f.  mik.  Anat.,  p.  325,  1892. 
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The  mucus  in  the  fresh  goblet-cells  occurs  in  the  form  of  granules.  This  is 
best  seen  in  a  fresh  preparation  teased  without  the  addition  of  any  fluid,  or  at 
most  in  Mliller's  fluid.  In  sections  fixed  in  Flemming's  fluid  and  stained  with 
safranin,  the  goblet-cells  are  reddish.  The  network  in  these  cells  may  be 
stained  with  Bismarck-brown. 

According  to  Bizzozero,  the  epithelial  investment  of  the  villi  is  not  renewed 
by  the  proliferation  of  the  cells  covering  it ;  but  by  the  proliferation  and 
upward  growth  of  the  cells  lining  Lieberkiihn's  follicles. 

18.  Terminations  of  Nerves  in  Stomach  and  Intestine. — Besides  the  gold- 
chloride  method  (Drasch,^  nerves  of  the  duodenum),  and  the  methylene-blue 
methods  as  used  by  Aronstein,"  Golgi's  silver  method  has  been  recently  applied 
by  Erik  Miiller^  for  this  purpose.  The  method  used  was  Golgi's  "raind 
method"  (Lesson  XXX.),  i.e.,  osmico-bichromate  solution  and  subsequent 
staining  with  silver  nitrate.  The  nerve-fibres  become  black,  and  numerous 
communications  are  found  to  exist  between  the  plexuses  of  Auerbach  and 
Meissner.  A  very  large  number  of  nerve-fibrils  enter  the  villi,  and  are  dis- 
tributed in  them,  reaching  to  the  cylindrical  epithelium  covering  them.  They 
end  free  and  have  not  been  seen  to  end  in  or  between  the  cylindrical  cells. 
Some  end  in  the  smooth  muscular  fibres  of  the  villi.  Other  fibrils  surround 
the  gland  tubes.  It  is  said  that  branched  cells,  like  nerve-cells,  lie  in  the  villi 
(E.  y  Cayal). 

19.  Methylene-Blue. — Immediately  after  death  inject  into  the  thoracic 
aoita  of  a  guinea-pig  or  rabbit  the  following  fluid:— i  gram  methylene-blue 
BX  in  300  cc.  normal  saline.  Open  the  abdomen  and  expose  the  gut  to  the 
air  for  2-3  hours.  Place  a  thin  piece  of  the  wall  of  the  small  intestine  in 
picrin-glycerine  of  S.  Mayer  (p.  192)  and  search  for  the  reddish-stained  nerve 
plexus  {S.  Mayer). 

If  a  piece  of  the  gut  be  teased  in  picrin-glycerine,  it  is  easy  to  isolate  blood- 
vessels with  theii"  nerves.  It  is  to  be  noted  that  methylene-blue  not  only 
stains  the  axis-cylinders  of  nerves,  but  also  the  cement  of  epithelial  cells,  so 
that  in  some  respects  it  acts  like  silver  nitrate. 

20.  Vermiform  Appendix  {Eabhit).—Y\x  in  Flemming's  fluid,  Fol's  solution, 
or  absolute  alcohol. 

A.  For  Mitosis.— {i.)  Stain  the  sections  (5-10  mins.)  in 


(2.)  Wash  in  absolute  alcohol.  (3.)  Immerse  (30-40  sees.)  in  i  per  cent,  chromic 
acid.  (4.)  Again  absolute  alcohol  (30-40  sees.);  and  (5.)  in  chromic  acid. 
Then  in  absolute  alcohol  to  remove  all  surplus  dye.  Balsam.  In  this  way 
the  chromatin  of  the  nuclei  is  stained. 

B.  For  liicro-Orcjanisnis.—Sta.m  as  above  in  (i).  (2.)  Absolute  alcohol 
(5  sees.).  (3.)  Weak  iodine  solution,  i.e.,  Gram's  method  (p.  105)  (2  mins.). 
(4.)  Then  alternately  chromic  acid  and  alcohol  as  above.  Balsam  (Bizzozero). 
The  secret  of  getting  good  preparations  is  to  wash  them  well  in  absolute 
alcohol  until  all  surplus  dye  is  removed.  , 

21.  Payer's  Patches  and  Phagocytosis.— (a.)  Harden  a  Peyers  patch 
(rabbit)  in  absolute  alcohol,  cut  sections  in  paraffin,  and  stain  them  m  alum- 
carmine,  or  in  addition  with  gentian-violet  by  Gram's  method  (p.  284) 

1  JSitzb.  d.  Ic.  Akacl.  d.  Wisscnsch.,  Bd.  81,  iii.  Abth.,  Wien,  1880. 

2  Anat.  Anzeigcr,  Bd.  ii.,  1887. 

3  Archiv  f.  mik.  Anat.,  Bd.  xl.,  1892. 


Gentian-violet 
Absolute  alcohol 
Aniline  oil 
Water 


3  „ 

80  „ 
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(Huffcr^).  (H).  In  the  sections  numerous  small  leucocytes  will  be  found  to 
have  wandered  from  the  lymph  follicles  between  the  epithelial  cells.  There 
are  always  to  be  seen  several  much  larger  cells — mono-nucleated — in  the  lymph 
follicles.  The  smaller  forms — which  may  be  mono-nucleated  or  poly -nucleated 
— have  been  called  microphages,  and  the  largest  macrophages  because  both 
are  capable  of  taking  up  bacteria — dead  and  alive — into  their  protoplasm  and 
changing  them  by  a  process  of  intracellular  digestion.  Transition  forms 
between  microphages  and  macrophages  of  leucocytes  may  be  found.  In  a 
preparation  stained  by  Gram's  method  the  bacilli — which  are  found  in  the 
lymph-cells,  but  not  in  the  epithelial-cells — are  stained  deep  blue-violet. 

(6.)  Sections  of  glands  fixed  in  sublimate  may  be  stained  with  Ehrlich- 
Biondi  fluid  and  the  same  kinds  of  lymph-cells  as  occur  in  lymph-glands  are 
found.  =  The  most  numerous  are  (i)  small  lymph-cells  with  a  nucleus  (stained 
green)  sm-rounded  by  a  small  quantity  of  rose-coloured  protoplasm.  {2.) 
Larger  cells  with  rose-red  protoplasm.  (3.)  Granular  cells  which  seem  to 
correspond  to  eosinophilous  cells.  (4.)  Cells  undergoing  degeneration;  and 
(5.)  Phagocytes. 


LESSON  XXVI. 
LIVER. 

It  is  composed  of  a  large  number  of  lobules  (i  mm.  (J^-  inch)  in 
diameter),  held  together  by  a  greater  or  less  amount  of  ^  connective 
tissue.    Each  lobule  practically  resembles  its  neighbour,  and  is 
composed  of  a  mass  of  polyhedral  or  cubical  liver-cells  which  have 
in  relation  with  them  blood-vessels  and  bile-ducts.    The  liver  is 
covered  by  a  capsule,  which  sends  processes  into  the  organ  at  the 
portal  fissure,  forming  GUsson's  capsule,  which  lies  between  the 
lobules  m  the  portal  canals,  and  surrounds  the  portal  vein,  bile-duct 
and  hepatic  artery.    The  liver  is  supplied  with  blood  by  the  vena' 
portse  and  hepatic  artery ;  they  enter  at  the  portal  fissure,  and  the 
former  dmdes  into  branches  which  ramify  between  the  lobules 
constituting  the  interlobular  veins.    From  these  veins  capHlaries 
pass  into  and  traverse  the  substance  of  the  lobules,  and  convercve  to 
a  vemlet  m  the  centre  of  each  lobule— the  central  or  intralobular 
vems  or  rootlets  of  the  hepatic  vein,  which  form  sublobular  veins 
and  these  in  their  turn  form  the  hepatic  vein  which  carries  the 
blood  from  the  liver  to  the  inferior  vena  cava.    The  substance  of 
each  lobule  between  the  capillaries  is  composed  of  liver-cells  (20  a 
Txnru  inch  in  diameter),  which  form  anastomosing  columns,  bein^ 
more  radiate  next  the  centre  of  the  lobule.    Between  the  liver-cells'; 

^  Quart.  Jour.  Micr.  ScL,  xxx.  p.  481. 

^  Hoyer,  Archivf.  mile.  Anat.,  x'xxiv.',  1889. 
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but  always  separated  from  the  blood-capillaries  by  hepatic  ceUs  or 
part  of  a  cell,  is  a  fine  polygonal  plexus  of  channels— the  bile 
capiUaries,  which  become  continuous  with  interlobular  bile-ducts 
at  the  margin  of  the  lobule.  The  smaller  interlobular  bile-ducts 
unite  to  form  larger  bile-ducts,  which  are  lined  by  columnar  epi- 
thehum  and  in  the  walls  of  the  largest  of  them  are  mucous  glands. 
The  hepatic  artery  supplies  chiefly  the  connective  tissue  between 
the  lobules,  and  accompanies  the  branches  of  the  bile-duct  and 
portal  veins,  so  that  these  three  structures  lie  together  in  portal 

Methods  —Harden  portions  of  the  liver  of  a,  e.g.,  pig,  rabbit,  cat, 
and  man  in  MiiUer's  fluid  or  2  per  cent,  potassic  bichromate  (10-14 
davs)  If  it  be  desired  to  retain  the  chromatin  fibrils  m  the  liver- 
ceUs  avoid  the  chromic  acid  salts.  Use  subhmate,  and  then 
gradually  increasing  strengths  of  alcohol.  Cut  sections  paraUel  to  the 
surface  of  the  organ,  and  others  at  right  angles  to  it,  the  latter  to 
include  the  capsule.  The  sections  can  be  stained  in  heematoxylin 
and  mounted  in  balsam ;  or  picro-carmine,  or^P-o4^^^^^^^  — 

may  be  used.  Staining 
in  bulk  and  cutting  in 
paraf&n  is  also  good. 

If  unstained  sections 
are  mounted,  the  out- 
lines of  the  tissues  will 
be  much  better  defined 
if  they  be  soaked  in  i 
per  cent,  osmic  acid  (24 
hours)  previous  to  being 
mounted  in  Farrant's 
solution. 

1.  Liver  of  Pig 
(^Hcematoxylin  and  Bal- 
sam, or  Picrolitliium 
Carmine,  or  Methylene- 
Blue). 

la.)  (L)  Observe  the  polygonal  lobules  (fig.  2  7  5)  mapped  out  from 
each  other  by  a  network  of  septa  of  connective  tissue,  or  Ghssons 
capUe  (fig.  275,  S).  In  the  centre  of  each  lobule  a  small  thm- 
walled  vehr,  a  roitlet  of  the  intralobular  or  hepatic  vem 

^^■^'V  At  the  periphery  of  each  lobule  sections  of  branches  of  the 
portal  or  interlobular  vein ;  if  possible,  find  a  transverse  section  of 
the  latter,  and  it  will  be  found  to  be  accompanied  by  similar  sec- 
ton  S  the  bile-duct  (one  or  more)  and  hepatic  artery  (fig.  27?, 


no  a?-;.— Liver  of  Pig,  showing  lobules.  P.C.  Portal 
canal,  containing  bile-duct,  Hepatic  artery,  and  poi- 
tal  vein  (P.  V.) ;  S.  Septa;  S.  V.  Sublobular  vem ;  /.  V. 
Intralobular  vein. 
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P. v.).  Branches  of  all  three  structures  always  run  together  in  the 
portal  canals,  and  are  surrounded  by  Glisson's  capsule. 

(c.)  Capillaries— for  the  most  part  empty— running  from  without 
inwards  in  each  lobule.  Eadiating  from  the  hepatic  veinlet  polurnns 
of  Uver-cells,  forming  a  network  of  secretory  cells  intertwining  with 
the  capillary  plexus  within  the  lobule. 

(d.)  (H)  The  columns  of  hepatic  cells  radiating  from  the  hepatic 
veinlet,  composed  of  polygonal  or  cubical  cells,  with  granular  con- 
tents and  an  excentrically-placed  spherical  nucleus.  At  the  outer 
part  of  the  lobule  the  network  of  cells  is  more  polygonal,  correspond- 
ing to  the  arrangement  of  the  capillaries.  Between  the  columns  of 
cells,  capillaries,  sometimes  with  a  few  blood-corpuscles.  The 
vessels,  however,  are  not  as  distended  as  normal.  Transverse 


Fia.  276.— Columns  of  Liver-Cells 
from  a  Starving  Dog. 


Fig.  277.— X.S.  Portal  Canal  witli  Glisson's  Capsule, 
enclosing  Portal  Vein  (.P.V.),  Bile-duct  {B.D.),  and 
Hepatic  Artery  (H.A.).  The  slit  is  a  lymphatic. 
C.  Capillaries.   I.e.  Liver-cells. 


branches  running  between  adjoining  capillaries,  and  the  whole 
interwoven  with  the  cellular  network. 

In  a  hsematoxylin-stained  section,  note  that  the  nuclei  of  the 
liver-cells  are  stained  to  a  less  degree  than  the  other  nuclei.  The 
nuclei  of  the  cells  of  the  connective-tissue,  bile-ducts,  and  capillaries 
are  more  deeply  stained.  In  the  picro-lithium  preparations,  the 
cells  are  yellowish  with  nuclei  red,  but  of  different  shades  of  the 
same. 

With  the  low  power  find  a  portal  canal  with  its  contents ;  fix 
them  under  the  microscope  and  examine  with  (H). 

(e.)  One  or  more  sections  of  interlobular  bile-ducts,  lined  by  a 
single  layer  of  shorter  or  taller  columnar  cells ;  outside  them  con- 
nective tissue,  disposed  circularly  and  continuous  with  that  of 
Ghsson's  capsule  (fig.  277).  A  section  of  a  branch  of  the  hepatic 
artery  and— the  largest  opening  of  all— of  the  portal  vein.  Some 
slits  may  be  seen  in  Glisson's  capsule ;  they  are  lymphatics. 
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2.  Liver  of  Eabbit. — It  is  convenient  to  study  this  liver,  because 
in  some  respects  it  shows  a  transition  between  that  of  the  pig  and 
man,  as  it  occupies  an  intermediate  place  with  regard  to  the  demar- 
cation of  its  lobules.  In  it  the  lobules  are  not  nearly  so  well 
defined  by  connective  tissue  as  in  the  pig  or  camel,  while  their 
separation  from  each  other  is  more  definite  than  in  man. 

3.  Human  Liver. — Htematoxylin,  balsam. 

(L)  Observe  the  greater  fusion  of  the  lobules.  Practically,  the 
arranc^ements  of  blood-vessels  and  cells  in  other  respects  is  the  same 
as  in  the  rabbit's  liver  (fig.  278).    If  the  liver  is  anaemic,  the  intra- 

Sublobular 
vein. 


Bile  ducts. 


Interlobular 
veins. 


Vrc  ,,8  -Section  of  Human  Liver,  showing  Liver  Lobules  and  the  Raaiate  Arrange- 
FIG.  ^78.-bec^t^o^^^  w  ii^m  ^^.^  ^^^.^  ^^^^      ^^^^^^     ^^^^1^  lobule,  x  20. 

lobular  blood-capillaries  are  narrow,  and  the  liver-ceUs  appear  to 
compress  and  narrow  them.  .     ,    ,  , 

4  Liver  of  Frog  or  Newt.— Harden  a  small  piece  m  absolute 
alcohol  or  h  per  cent,  osmic  acid  (24  hours).  Stain  the  mass ''m 
bulk"  in  Kleinenberg's  logwood  or  borax-carmine  and  mount  m 
balsam.  Mount  the  osmic  acid  sections  in  Farrants  solution  mth- 
out  staining,  or  stain  them  in  safranin  (48  hours). 

(a)  (U  Observe  the  anastomosing  system  of  gland-tubes  made 
up  of  hepatic  cells.  Between  them  the  narrower  blood-capiUaries^ 
many  of  them  filled  with  blood-corpuscles.  Here  and  there  black 
patches  of  pigment-melanin-^especiaUy  in  winter  frogs  fig.  279)- 
(H)  Each  cell  is  polygonal,  with  a  large  spherical  nucleus ; 
the  contents  may  be  more  or  less  granular,  according  to  the  phase 
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of  secretory  activity  of  the  cells.  In  some  conditions  the  granules 
within  the  cells  may  be  arranged  next  the  capillary ;  in  others  they 
are  more  regularly  scattered  throughout  the  cell  substance.  The 
cells  are  arranged  round  the  bile-capillaries.  This  is  best  seen  in 
transverse  sections  of  the  latter,  which  appear  as  very  small  circular 
apertures  bounded  by  four  or  five  cells  (tig.  279).  When  the  tubes 
are  cut  longitudinally,  the  bile- 
capillaries  are  seen  to  pursue  a 
zigzag  course  between  the  cells, 
but  this  will  be  better  seen  in 
injected  specimens. 

(c.)  The  blood-capillaries  with 
their  nucleated  blood-corpuscles, 
and  note  that  there  is  always  a 
cell  or  part  of  a  cell  between 
the  blood-stream  with  its  wide 
lumen,  and  the  bile-channels 
with  very  narrow  lumina.  Any 
fatty  granules  present  in  the 
osmic  acid  section  are  black. 

5.  Blood-Vessels  of  the 
Liver — Opaque  Injections. — Mount  in  balsam  a  section  of  a  pig's 
liver,  with  the  P.V.  injected  with  a  red  opaque  mass,  and  the  H.V. 
with  a  similar  yellow  mass.  The  light  from  the  reflector  must  be 
turned  off,  and  light  focussed  on  the  preparation  by  a  condenser 
(fig.  16). 

(a.)  (L)  Observe  the  polygonal  lobules,  the  branches  of  the 
portal  veins  around  the  periphery  of  the  lobules,  and  sending  fine 
branches  into  the  latter.  In  the  centre  of  the  lobules  the  hepatic 
veinlets  yellow,  with  capillaries  converging  to  them.  The  capil- 
laries within  the  lobules  partly  filled  with  red  and  partly  with 
yellow  mass,  connecting  the  portal  and  hepatic  venous  systems. 

(b.)  Sometimes  a  longitudinal  section  of  a  lobule  may  be  seen. 
Trace  the  veinlet  to  a  larger  branch  under  the  lobule,  i.e.,  to  a 
sublobular  vein.  The  sublobular  veinlets  lie  between  the  lobules, 
but  they  differ  from  branches  of  the  portal  vein  in  not  being  accom- 
panied by  a  branch  of  the  hepatic  artery  and  bile-duct. 

6.  Transparent  Injections— Liver  of  Pig.— Mount  in  the  same 
way  a  transparent  injection  of  the  liver  of  a  pig.  P.V.  blue,  and 
H.V.  red. 

(a.)  (L)  The  hepatic  veinlet  in  the  centre  of  the  lobule.  If  cut 
transversely,  it  is  circular;  if  obliquely,  oval;  and  if  the  lobule  be 
cut  longitudinally,  it  appears  as  a  central  channel  joining  a  sub- 
lobular vein.  Trace  outwards  from  this  a  radially-arranged  capillary 
network,  with  its  cross-branches,  right  out  to  the  outer  part  of  each 

T 


riQ.  279.— Liver  of  Frog.    C.  Capillai-ies. 
Osmic  acid,  x  300. 
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lobule.  Notice  that  the  shape  of  the  meshwork  of  capillaries  is 
different  at  the  centre  and  periphery.  Between  the  lobules  and 
outside  each  lobule  branches  of  the  portal  vein. 

7.  Liver  of  Rabbit,  Injected  (fig.  280),  e.g.,  a  section  with  its 
blood-vessels  injected  with  different  colours,  e.g.,  P.V.  red  (carmine 
gelatine)  and  H.V.  blue  (Berlin-blue  gelatine).  Also  a  section 
where  all  the  blood-vessels  are  injected  with  a  mass  of  one  colour. 
In  a  double  injection  the  red  and  blue  masses  do  not  always  occupy 
the  area  corresponding  to  the  blood-vessel  into  which  they  were 
injected,  but  with  care  such  a  piece  can  be  found  in  an  injected 
liver.  The  arrangement  of  the  blood-vessels  corresponds  to  that 
seen  in  the  uninjected  specimens,  only  in  the  former  the  blood- 
vessels are  more  prominent  than  the  cells. 

(a.)  (L)  Observe  the  interlobular  veins  round  the  periphery  of 
the  lobule,  the  central  or  intralobular  vein,  and  the  plexus  of 


Columnar 
epithelium. 


Fibrous 
waU. 


Fig.  281.— Interlobular  Bile-Duct. 


Fig.  280.— Injected  Blood- Vessels  of  a  Lobule 
of  a  Kabbit's  Liver. 


capillaries  connecting  the  two.  The  capillaries  converge  towards 
the  centre  of  the  lobule,  where  the  meshes  are  more  elongated. 
At  the  periphery  of  the  lobule  the  capillary  meshwork  is  more 
polygonal. 

Very  instructive  also  are  those  with  only  one  set  ot  vessels 
injected,  e.g.,  portal  or  hepatic.  They  serve  to  show  the  capillaries 
belonging  to  each  area  within  a  lobule. 

8.  Injected  and  Stained  Section.— A  beautiful  preparation  is 
obtained  by  staining  a  section  (blue  injection)  with  picro-lithium 
carmine.  In  it  the  vessels  are  blue,  the  cells  yellow,  and  the  nuclei 
of  the  latter  red. 

9  Bile-Ducts.— Mount  in  balsam  a  section  of  a  rabbit  s,  or,  better 
still,  a  guinea-pig's  liver  in  which  the  bile-ducts  have  been  injected 
with  a  concentrated  watery  solution  of  Berlin-blue.     It  is  very 
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difficult  to  get  a  perfect  injection,  but  it  is  easy  in  the  gumea-pig  to 
inject  the  large  bile-ducts.  They  are  injected  from  the  common 
bile-duct  after  ligature  of  the  cystic  duct.  Sometimes  it  is  better 
not  to  clamp  the  cystic  duct,  as  after  the  gall-bladder  is  full  it  acts 
as  a  reservoir,  and  prevents  too  great  pressure,  causing  extravasations 
of  the  injection  fluid. 

(a.)  (L)  Large  Bile-Ducts. — Numerous  sections  of  these  lying  in 
portal  canals  between  the  lobules.  Each  is  provid.ed  with  a  fibrous 
coat  containing  circular,  smooth,  muscular  fibres,  lined  by  columnar 
epithelium.  In  the  walls 
of  the  largest  ducts  are 
mucous  glands,  which 
open  into  the  bile-duct. 

(b.)  (H)  The  bHe- 
capillaries  within  the 
lobules  appear  as  a  fine 
hexagonal  network  of 
blue  lines  between  the 
surfaces  of  the  hepatic 
cells  (fig.  282).  If  cut 
transversely,  they  appear 
as  mere  blue  specks 
between  adjacent  cells. 
They  are  not  to  be  con- 
founded with  the  blood- 
capillaries,  which  are 
much    wider,    and  are 

arranged   in   a  different  Fig.  282.— Lobule  of  Rabbit's  Liver.   Vessels  and  bile- 

ducts  injected.    P.V.  Portal,  and  H.V.  Hepatic 
■way.  ^         vein ;  B.D.  Bile-duct,  and  B.C.  Bile-capillaries. 

(c.)  The  columnar  epi- 
thelium lining  the  interlobular  bile-ducts  and  their  fibrous  walls 
(fig.  281). 

10.  Auto-Injection  of  Bile-Ducts. — Place  a  piece  of  indigo- 
carmine,  about  the  size  of  a  split  pea,  under  the  skin  of  the  fore- 
arm of  a  pithed  (brain-destroyed)  frog.  Tie  the  slit  to  prevent  its 
escape.  After  twenty-four  hours  the  whole  frog  will  appear  quite 
blue.  Kill  it,  rapidly  remove  the  liver,  cut  it  in  small  pieces,  and 
place  it  at  once  in  absolute  alcohol,  which  fixes  the  blue  colour. 
After  it  is  hardened,  cut  sections  and  mount  in  balsam. 

(a.)  (H)  The  blood-vessels  are  yellow,  with  gland-tubes  between, 
but  the  bile-capillaries  are  blue.  They  can  be  seen  as  blue  zigzag 
fine  streaks  between  the  cells  when  the  tubes  are  cut  longitudinally, 
and  as  very  small  dots  when  cut  transversely.  A  thin  section  gives 
a  clear  view  of  the  relation  of  blood-capillaries,  cells,  and  bile- 
capillaries. 
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A  good  plan  is  to  clarify  an  iinsfcained  section  with  clove-oil  con- 
taining eosin.  The  cells  are  stained  red,  and  form  a  sharp  contrast 
to  the  blue.  A  watery  solution  such  as  picro-carmine  cannot  be 
used  to  stain  the  cells,  as  it  rapidly  extracts  the  blue  from  the  bile- 
channels. 

11.  Fresh  Liver-Cells. — Scrape  the  surface  of  a  fresh  liver,  and 
observe  in  normal  saline. 

(H)  Observe  the  pale,  nucleated,  polygonal,  or  cubical  faintly- 
granular  cells,  often  containing  small  refractive  oil  globules.  Often 
the  cells  are  broken  up.  There  are  always  many  blood-corpuscles 
in  the  field  (fig.  94). 


ADDITIONAL  EXERCISES. 

12.  Connective-Tissue  Stroma.— With  a  camel's-hair  brush  pencil  away  as 
many  as  possible  of  the  hepatic  cells  from  a  thin  section  of  any  properly 
hardened  liver.  The  connective-tissue  network  may  be  afterwards  stained 
with  picro-lithium  carmine  or  eosin. 

13.  Intralobular  Connective  Tissue.— Various  methods  have  been  adopted 
to  show  the  existence  of  connective  tissue  within  the  liver  lobules  and  between 
its  cells.  The  following  methods  reveal  a  network  of  black  fibrils  continuous 
with  the  interlobular  tissue,  and  traversing  as  a  network  the  substance  of  the 
lobule.  This  method  is  also  useful  for  showing  the  trabeculfe  of  the  spleen, 
and  the  fibrillar  sti-ucture  in  the  splenic  corpuscles  and  lymph-glands  generally. 

[a. )  Bohm's  Method. 

(1.)  Harden  small  pieces  (.5  cm.  cube)  in  0.5  per  cent,  chromic  acid  (2 
days). 

(2.)  Silver  nitrate  .75  per  cent.  (3  days). 

(3.)  "Wash  in  distilled  water,  harden,  cut,  and  mount  in  balsam. 

(J.)  Op^eZ's  Jfci/wcZ  is  available  for  liver  hardened  in  alcohoL 

(1.)  Yellow  chromate  of  potash  10  per  cent,  (i  day). 

(2.)  Silver  niti-ate,  large  volume,  .75  per  cent.  (2  days).    Much  silver 

chromate  is  formed,  so  that  the  silver  must  be  frequently 

renewed. 

(3.)  Wash  in  water,  harden  in  alcohol,  sections,  balsam. 

By  either  method  the  liver  cuts  readily  on  freezing,  but  hand  sections,  I 
think,  are  best.    Paraflin  embedding  is  not  to  be  recommended. 

14.  Bile-CapiUaiies  {BoJim).    Golgi's  method. 

(1.)  Harden  (3-4  days)  small  pieces  of  the  liver  (.5  cm.  cube)  in 

Bichromate  potash  solution  (3  per  cent.)   .    4  vols. 
Osmic  acid  (i  per  cent.)    .       .       ■       •    i  vol. 

(2.)  Place  in  0.75  per  cent,  silver  nitrate  (2  days). 
(3.)  Wash  in  distilled  water,  harden  in  alcohol. 
(4.)  Sections.  Balsam. 
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The  bile-capillavies  appear  as  a  black  polygonal  network  on  a  yellow  groimd 
It  is  rare,  I  find,  to  liavc  the  whole  tliickness  oi  the  tissue  equally  well 
stained.    Only  a  thin  layer  on  the  surface  shows  the  capillanes  we  1  but  the 
result  is  excellent.    I  find  that  the  sections  keep  for  a  long  time  if  they  are 
mounted  under  a  cover-glass.  n    j  .  „ 

15  Glvcogen  in  Liver-Cells,  —(a. )  The  animal  must  be  well  fed,  e.  g. ,  rabbit, 
with'cariots,  and  six  hours  or  so  thereafter  it  is  killed.  As  glycogen  is  soluble 
in,  or  is  at  least  extracted  from,  the  liver  by  water,  small  pieces  of  the  liver 
must  be  hardened  in  alcohol.  In  a  section  placed  m  a  weak  lodme  solution 
or  Lugol's  solution  (p.  93).  the  glycogen  granules  m  the  cell  protoplasm 
are  stSned  of  a  port-wine  colour.  In  sections  of  liver  sometimes  one  sees 
vacuoles  from  which  the  glycogen  granules  have  been  washed  out.  _ 

(b  )  Harden  the  liver  of  a  well-fed  frog  in  osmic  acid,  make  thm  sections, 
and  'irrigate  with  iodine.    The  granules  of  glycogen  in  the  hepatic  protoplasm 

are  stained  brownish.  „  •     i  1 

16  Eeactionfor  lron{Tizsoni's).—{a.)  Select  the  liver  of  a  young  animal,  and 
harden  it  in  alcohol.  Place  sections  in  the  foUowing  fluid,  which  should  be 
freshly  prepared  : — 

Water   .    90  cc. 

Hydrochloric  acid  (25  per  cent.)  .  .  •  •  i-S  J' 
^erricyanide  of  potash  (i  :  12)        .       .       .       .  3j> 

Mount  in  balsam.  Particles  of  free  iron  are  coloured  blue.  Particles  of  free 
iron  are  seen  in  the  spleen,  liver,  and  kidney  by  this  reaction. 

(6.)  Zaleski.^— Harden  the  liver  in  65  per  cent,  alcohol,  then  in  96  per  cent, 
alcohol  to  which  a  few  drops  of  sulphuretted  hydrogen  are  added.  After  24 
hours  the  iron  granules  assume  a  green  colour. 

17.  Injected  Human  Liver.— (a.)  For  a  double  injection,  and  in  order  to 
save  injection-mass,  the  plan  recommended  by  Orth  is  excellent,  viz.,  to  pass 
an  elastic  catheter  as  far  as  it  will  go  into  one  of  the  branches  of  the  portal 
vein,  and  through  it  to  make  the  injection.  The  hepatic  vein  is  treated  in 
the  same  way.  Sections  of  a  well-injected  part  may  be  afterwards  stained 
with  picro-lithium-carmine. 

(6.)  In  a  way  a  natural  injection  of  the  liver  is  obtained  by  hardening  a 
human  liver  which  is  congested,  and  contains  a  large  amount  of  blood.  Such 
livers  are  apt  to  show  pigmentation  of  the  liver-cells  and  other  changes  due  to 
disease. 

18.  Pigment  in  Liver. — The  presence  of  pigment  in  the  liver-cells  or  capil- 
laries is  a  matter  of  considerable  importance  in  regard  to  the  question  of  the 
destruction  of  blood-pigment  in  this  organ,  or  whether  the  liver  acts  as  a  trap 
for  pigment  already  altered  by  its  passage  through  the  spleen  or  gastro- 
mesenteric  capillaries. - 

In  -winter  frogs  the  liver  contains  a  large  amount  of  black  pigment,  which 
lies  in  the  blood- capillaries. 

19.  Granular  Cells  of  Ehrlich. — Harden  the  liver  (ox,  pig)  in  absolute 
alcohol.  Place  sections  for  24  hours, in  Westphal's  fluid  (p.  67),  wash  in 
absolute  alcohol  (4-6  hours)  until  all  is  clear,  only  the  granular  cells  remaining 
stained.  Balsam.  The  granular  cells  ("  Mastzellen ")  are  reddish  violet, 
and  lie  in  the  interlobular  connective  tissue. 


1  Zeitscluf.  Phys.  Ohem.,  xiv.  p.  274,  1890, 

-  W.  Hunter,  Brit.  Med.  Jour,,  Nov.,  Dec.  1892. 
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LESSON  XXVII. 

TRACHEA— LUNGS— THYROID  GLAND. 

The  trachea,  a  fibro-muscular  tube,  tlie  wall  of  which  contains 
16-20  C-shaped  pieces  of  hyaline  cartilage  held  together  by  a 
fibrous  membrane.  Behind,  the  rings  are  deficient,  and  the  trachea 
is  membranous,  and  there  it  is  strengthened  by  smooth  muscle — 
trachealis  muscle — which  stretches  between  the  ends  of  the  carti- 
lages. It  is  lined  by  a  mucous  membrane,  which  is  united  to  the 
outer  fibrous  coat  by  a  submucous  coat.  The  mucous  coat  consists 
from  within  outwards  of — (i.)  Stratified,  columnar,  ciliated  epithe- 
lium; (2.)  Basement  membrane;  (3.)  A  basis  of  connective  tissue 
with  capillaries,  and  infiltrated  with  adenoid  tissue  ;  (4.)  A  layer  of 
elastic  fibres  arranged  longitudinally.  Outside  this  is  a  loose  sub- 
mucous coat,  in  which  lie  the  acini  of  the  glands. 

The  intra-pulmonary  bronchi  are  lined  by  stratified  ciliated  epi- 
thelium resting  on  a  basement  membrane.  Outside  tliis  is  a  basis 
of  fibrous  tissue,  with  numerous  longitudinally-arranged  elastic 
fibres,  and  some  adenoid  tissue.  Outside  this,  again,  is  a  com- 
pletely circular  layer  of  smooth  muscle — bronchial  muscle.  Then 
foUows  the  submucous  coat  with  its  vessels,  glands,  and  in  some 
animals  (cat)  masses  of  adenoid  tissue.  Most  externally  is  the 
fibrous  coat,  in  which  are  embedded  several  pieces  of  hyaUne 
cartilage  of  irregular  shape.  As  the  bronchi  pass  into  the  lung, 
they  divide  and  form  smaller  and  smaller  tubes,  imtil  they  end 
in  terminal  bronchi  or  bronchioles.  Each  bronchiole,  with  thin 
walls,  no  glands  or  cartilage,  and  the  epitheUum  cubical  and  non- 
ciliated,  opens  into  several  wider  expanded  parts — infundibula  or 
alveolar  passages — which  are  beset  with  air-cells  or  alveoli.  The 
alveoli  are  spherical  or  polygonal  vesicles,  which  open  by  a  wide 
opening  into  the  infundibula ;  the  air-vesicles,  however,  do  not  open 
into  each  other.  The  air-cells  are  lined  by  a  layer  of  squames— 
large,  flattened,  irregular  plates— with  small  granular  cells  here  and 
there  between  them. 

Blood-Vessels.— The  branches  of  the  pulmonary  arterij  accom- 
pany the  bronchial  tubes,  and  finally  terminate  in  a  rich  capillary 
plexus  over  and  outside  the  basement  membrane  of  the  air-vesicles. 
The  blood  is  returned  by  the  pulmonary  veim.  The  bronchial 
vessels  seem  to  supply  chiefly  the  connective  tissue  along  the 
bronchi  and  in  the  septa.  Numerous  ganglia  exist  in  the  intra- 
pulmonary  nerves.    Lymphatics  are  numerous. 
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Methods  — (i )  Place  small  portions  of  the  trachea  of  a  cat  and  the 
human  trachea  in  .2  per  cent,  chromic  acid  (10-14  days)  or  sub- 
hmate,  and  harden  afterwards  in  gradually  increasing  strengths  of 

aiY  Fill  the  lungs  of  a  cat  with  .2  per  cent,  chromic  acid  and 
after  closing  the  trachea  suspend  them  in  a  large  quantity  of  the 
same  fluid  After  two  days  cut  them  into  small  portions  and  keep 
them  (14-20  days)  in  fresh  chromic  acid  solution  and  complete  the 
hardening  in  alcohol. 

(iii.)  Harden  smaU  parts  of  the  human  lung— as  fresh  as  possible 

— in  the  same  fluids.  „  . ,  ,     ^     .     i   i  1  j 

(iv.)  Fix  the  trachea  in  Flemming's  fluid,  harden  in  alcohol,  and 

stain  with  safranin.    Admirable  for  epithelium. 

Trachea.— Make  transverse  sections  across  the  trachea  ot  a  cat, 

and  also  longitudinal  vertical  sections,  so  as  to  include  the  cartilage 

of  two  or  three  rings.  This 


staining 


m 


is  best  done  by 
bidk  and  cutting  in  paraffin. 
If  done  by  freezing,  stain 
T.S.  and  L.S.  sections  in 
hsematoxylin,  and  mount  in 
balsam;  others  in  picro-car- 
mine,  and  mount  in  Farrant's 
solution. 

1,  T.S.  Trachea  (fig.  283). 
(a.)  (L)  Observe  internally 
the  mucous  coat,  outside  it 
the  submucous  coat,  and 
external  to  this  an  incom- 
plete ring  of  hyaline  cartilage 
embedded  in  the  outer  or 
fibrous  coat.  The  fibrous  coat  becomes  continuous  with  the  sub- 
mucous coat. 

{b.)  (H)  The  fibrous  coat  of  connective  tissue,  and  embedded 
in  it  an  incomplete  ring  of  hyaline  cartilage.  Notice  the  arrange- 
ment of  the  cartilage  cells  in  the  latter.  The  ring  is  deficient 
posteriorly,  but  bridging  over  the  gap  and  extending  between  the 
ends  of  the  cartilage  there  is  a  transverse  band  of  smooth  muscle, 
the  trachealis  muscle.  Outside  it  are  muscular  fibres  cut  trans- 
versely. The  coats  just  inside  the  muscle  are  apt  to  bo  thrown 
into  folds  in  a  trachea  detached  from  all  its  surroundings.  Sections 
of  nerves — perhaps  with  ganglionic  cells — may  be  seen  near  the 
muscle. 


Fig.  283.— T.S.  Trachea  of  Batten,  x  15. 
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(c.)  The  submucous  coat,  composed  of  more  open  connective 

In  it  are  the  acini  of 
mucous  glands;  but  as 
the  glands  are  more 
abundant  in  the  spaces 
between  the  cartilages, 
their  distribution  is 
better  seen  in  a  longi- 
tudinal section.  It  is 
rare  to  find  a  duct,  as 
they  pierce  tlie  mucous 
coat  obliquely,  and 
open  on  its  inner  sur- 
face. 

(d.)  The  mucous 
coat,  composed  of 
fibrous  tissue  covered 
by  stratified  ciliated  epithelium.  Under  the  epithelium  is  a  longi- 
tudinal layer  of  elastic  fibres,  which  are  therefore  cut  across  trans- 
versely. Within  this,  a  basis  of  connective  tissue  infiltrated  with 
adenoid  tissue,  and  internal  to  this  again  a  structureless  basement 


Cfand  acini  &  a/uct. 

Fia.  285.— T.S.  Intra-Pulmonary  Bronchus  of  Cat.   PA  and  PV.  Pulmonary  artery  and 
vein ;  hv.  Bronchial  vein ;  F.  Air-vesicles. 


membrane,  best  seen  in  very  thin  sections,  and  best  of  all  in  a 
human  trachea.  Eesting  on  the  basement  membrane  is  the  ciliated 
epitlLelium.  It  occurs  in  several  layers,  but  only  the  superficial 
layer  of  cells  is  ciliated.   In  the  lower  layers  of  cells— three  or  four 


tissue,  and  continuous  with  the  former. 


Fig.  284.— L.S.  Mucous  Membrane  of  Trachea  of  Cat. 
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layers— some  are  pear-shaped  and  the  lowest  more  oval.  Very 
frequently  a  thin  layer  of  mucus  is  adherent  to  the  cilia.  _  ihe 
arrangement  of  the  cells  of  the  mucous  layer  is  the  same  as  m  the 
bronchus  (fig.  286). 

2  L.S.  Trachea  (fig.  284)  (L  and  H).— Compare  these  with  the 
previous  section.  The  coats  are  the  same,  but  several  oval  pieces 
of  hyaline  cartilage  are  seen  one  after  the  other  embedded  m  the 
fibrous  coat.  The  elastic  fibres  are  now  seen  arranged  longitudi- 
nally. The  acini  of  the  mucous  glands  are  most  numerous  m  the 
interspaces  between  the  cartilages,  and  amongst  the  acini  may  be 
seen  leucocytes  and  some  adenoid  tissue.  If  a  gland-duct  be  found, 
it  opens  by  a  funnel-shaped  expansion  on  the  free  surface  of  the 
mucous  membrane.  If  it  be  desired  to  study  the  glands, 
hsematoxylin  and  eosin  as  stains. 

3.  T.S,  Human  Trachea  (L  and  H). — Observe  the 
similarity  to  the  previous  prepara- 
tion. Here,  however,  the  glands 
are  well-developed ;  the  basement 
membrane  is  well  marked,  and  in 
picro-carmine  specimens  is  stained 
red.  Some  of  the  superficial  epi- 
thelial cells  are  apt  to  be  detached. 

4.  T.S.  Intra-Pulmonary  Bron- 
chus.— (a.)  (L)  Observe  the  fibrous 
coat^  and  outside  it  the  vesicular 
tissue  of  the  lung.  In  the  fibrous 
coat  —  two  or  three  —  pieces  of 
hyaline  cartilage.  The  submucous 
coat,  with  its  glands  (fig.  285). 

(6.)  Inside  this  a  complete  ring 
of  smooth  muscle — bronchial  muscle 
— perforated  here  and  there  by  the 
ducts  of  the  glands.  Immediately 
inside  this,  in  the  mucous  coat, 
several  layers  of  longitudinal  elastic 
fibres  cut  transversely.  Most  in- 
ternal, ciliated  epithelium,  like 
that  lining  the  trachea,  and  resting 

on  a  basement  membrane.  The  mucous  membrane  is  frequently 
thrown  into  ridges  or  folds. 

(c.)  In  the  fibrous  coat,  external  to  the  cartilages,  search  for 
sections  of  two  large  vessels — the  pulmonary  artery  and  vein — and 
of  small  branches — the  bronchial  vessels.  Also  several  sections  of 
nerves;  in  the  course  of  some  of  them  may  be  found  ganglionic 
cells. 


Fig.  286. —  T.S.  Mucous  Membrane  of 
Human  Bronchus,  a.  Mucus ;  b. 
Ciliated  cells ;  c.  Deep  cells;  d.  Base- 
ment membrane  ;  e.  Longitudinal 
elastic  fibres ;  /.  Bronchial  muscle  ; 
g.  Connective  tissue,  with  leucocytes 
and  pigment. 
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(d.)  (H)  Study  specially  the  mucous  membrane.  Note  the 
epithelium,  basement  membrane,  and  the  longitudinal  layer  of 
elastic  fibres  under  it  (fig.  286).  |!|  u 

5.  Vesicular  Structure  of  the  Lungs. — Make  sections  of  a 
lung  hardened  by  the  freezing  method.  Let  the  sections  he  cut  so 
as  to  include  the  pleura  and  subjacent  lung.  Stain  in  hsematoxylin, 
and  mount  in  balsam. 

(a.)  (L)  Observe  the  pleura,  with  its  two  layers,  the  deeper 


ma.  287.- V.S.  Human  Lung.  p.  Pleura;  a.  Epithelium  of  a  bronchus  Blood-vessel; 
c.  Pulmonary  vein;  e.  Interlobular  septum,  contmuous  with  deep  layer  ol  pleura, 
V.  Air-vesicles  ( x  50  and  reduced  i). 

layer  sending  fine  septa— interlobular  septa— into  the  lung  between 

its  alveoli  (fig.  287). 

(b.)  The  alveoli  or  air-cells  cut  in  every  direction ;  some  appear 
as  an  open  network,  and  others  with  a  base.  The  outline  of  the 
alveoli  may  be  somewhat  irregular,  according  to  the  extent  of  dis- 
tension of  the  lung.  Here  and  there,  between  groups  of  alveoU, 
may  be  seen  a  wide  passage — the  infundihulum. 
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(c)(H)  In  each  alveolus  stained  oval  nuclei,  belonging  to  the 
sqiiamous  epithelium  lining  it,  but  the  outline  of  the  squames  them- 
selves cannot  be  seen.  Sections  of  the  capillaries  on  the  wall  of  the 
alveolus  and  their  nuclei  stamed.  /^-^  v 

In  the  thin  walls,  separating  ad-  \Jff^  ^  -^^  ^ 

joining  alveoli,  fine  elastic  fibres.  ^-''•'^ 

6.  Respiratory  Epithelium 
of  the  AlveoU.— (i.)  Remove 
the  lungs  from  a  young  kitten, 
and  fill  them  with  a  \  per  cent, 
solution  of  silver  nitrate.  Run 
in  the  fluid  from  a  pipette  pro- 
vided with  a  bulb  on  its  stem. 
Pump  the  lungs  from  time  to 
time  to  remove  as  much  air  as 
possible.  After  half  an  hour 
replace  as  much  as  possible  of 
the  silver  solution  by  means  of 
alcohol.  Tie  the  trachea,  and 
suspend  the  lungs  in  alcohol  till 
they  are  hardened.  Cut  sections 
by  freezing,  mount  in  Farrant's 
solution,  and  expose  the  sections 
to  light.  They  become  brown. 
Sections  can  be  stained  in 
haematoxylin  or  picro-carmine. 

(ii.)  Fill  the  lungs  with  .25  per  cent.  AgNOg,  and  suspend  them 
in  .5  per  cent.  AgNOg  (1-2  hours).  Diffusion  takes  place.  Cut 
into  pieces  and  place  in  alcohol  (80  per  cent.). 

(H)  Select  an  alveolus  which  is  so  divided  as  to  have  a  base,  and 
observe  the  silver  lines  showing  the  boundary-lines  of  the  squamous 
epithelium  which  lines  it.  At  the  junction-points  of  some  of  these 
are  groups  of  two  or  three  small,  polyhedral,  granular  cells  stained 
deep  brown  (fig.  288). 

7.  Blood- Vessels  of  a  Mammalian 
Lung. — Mount  in  balsam  sections  of  an 
injected  lung. 

(L  and  H)  Observe  the  alveoli,  each 
beset  with  a  dense  plexus  of  capillaries 
(fig.  289),  and  especially  where  the  edge 
of  an  alveolus  is  seen,  the  wavy  course 
of  the  capillaries  passing  from  one  side 
to  the  other  of  the  inter-vesicular  septa. 
Search  for  the  termination  of  a  branch  of 
the  pulmonary  artery  and  the  commencement  of  the  pulmonary  vein. 


Fig, 


.  288.  —  Alveoli  of  Lung  of  Kitten, 
Silvered,  (i,  6.  Squames;  d.  Granular 
cells  ;  c.  Young  epithelium-cell ;  e. 
Alveolar  wall. 


Fia.  289.— Capillaries  of  Human 
Lung,  Injected,  x  90. 
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8.  Fresh  Lung. — Tease  a  small  piece  of  lung  in  normal  saline. 
It  is  difficult  to  get  rid  of  all  the  air,  but  tins  may  be  done  by 
beating  the  tissue  with  a  needle. 

(H)  Observe  the  large  number  of  fine  elastic  fibres,  which 
branch  and  anastomose.  They  can  be  rendered  more  evident  by 
running  in  dilute  caustic  potash  (2  percent.)  under  the  cover.  This 

destroys  to  a  large  extent  the  other 
elements. 

9.  Dried  Lung. — (i.)  With  a  dry 
razor  make  thin  sections  of  a  dried 
and  distended  lung.  Examine  the 
section  in  water,  taking  care  that 
it  does  not  curl  up,  which  it  readily 
does.  Get  rid  of  the  air-bubbles  by 
pressing  on  the  section  with  a  needle. 

(ii.)  Make  rather  thick  sections 
parallel  to  the  pleura,  and  examine 
them  by  reflected  light.  A  very  good 
idea  of  the  air-vesicles  is  thus  ob- 
tained. 

(a.)  (L)  Observe  the  air-vesicles, 
and  the  thin  partitions  between  them.  Also  sections  of  the 
Infundibula  or  alveolar  passages.  Connective-tissue  septa  may 
be  seen.  Of  course  the  finer  details  of  structure  cannot  be  made 
out  (fig.  290). 

10.  Foetal  Lung. — This  serves  very  well  for  showing  that  a  lung 


Fig.  290.— T.S.  Dried  i^ung.   a.  Vesi- 
cles ;  J.  Infundibula. 


I'lG  201.— T.S.  Footal  Lung,  showing  a  Bronchus  Terminating  in  Air- Vesicles,  x  75. 
'b.  Epithelium  lining  an  alveolus,  x  300.   MuUer's  fluid  and  hn;matoxylin. 

is  made  up  of  lobules.  Harden  in  Mliller's  fluid  (14  days)  the 
lungs  from  a  human  foetus  (12  cm.  in  length).    Cut  sections  and 


XXYII.] 


THYROID  GLAND. 


301 


stain  them  either  in  hsematoxylin  or  picro-carmine.  Stain  in  bulk 
and  cut  in  paraffin. 

(a.)  (L)  Observe  the  pleura  sending  well-marked  septa  into  the 
lung,  thus  defining  the  lobules,  which  are  polygonal,  about  i  mm. 
in  diameter,  and  separated  from  each  other  by  connective  tissue. 

(b.)  In  each  lobule  sections  of  bronchi,  which  can  be  seen 
occasionally  to  terminate  in  several  vesicles,  thus  presenting  a  very 
gland-like  arrangement  (fig.  291).  Many  of  the  alveoli  are_  cut 
across,  and  appear  like  sections  of  tubes  lined  by  columnar  epithe- 
Uum.  There  is  much  embryonic  connective  tissue  between  the 
alveoli. 

(H)  Select  an  alveolus,  and  note  that  it  is  lined  by  a  layer  of 
low,  columnar,  granular  epithelium,  while  individual  alveoli  are 
separated  from  each  other  by  much  embryonic  connective  tissue, 
with  numerous  cells,  and  as  yet  few  or  no  elastic  fibres. 

THE  THYROID  GLAND. 

Methods. — (i.)  Harden  pieces  of  the  human  thyroid,  or  the 
complete  thyroid  of  a  cat  or  dog,  in  Miiller's  fluid  (3  weeks)  and 
then  in  alcohol.  Sections  are  stained  with  hsematoxylin  and 
mounted  in  balsam. 
Or  stain  in  bulk  and 
cut  in  paraffin. 

(ii.)  Fix  in  Flem- 
ming's  fluid  (1-3 
hours),  and  stain — 
wash  thoroughly, 
alcohol — with  Ehr- 
hch-Biondi  fluid,  or 
stain  with  Heiden- 
hain's  logwood. 

11.  T.S.  Thyroid 
Gland.  —  (a.)  (L) 
Composed  of  small 
polygonal  lobules 
united  to  each  other 
by  loose  connective 
tissue.  In  each  lob- 
ule a  large  number 
of  completely  closed  acini  held  together  by  loose  connective  tissue. 

(b.)  (H)  The  spherical  acini  (lig.  292),  bounded  by  a  basement 
membrane,  are  lined  by  a  single  layer  of  low  cubical  epithelium,  and 
contain  a  homogeneous  fluid.    This  fluid,  however,  is  often  of  a 


ma.  292.— T.S.  Thyroid  Gland,   a.  Closed  vesicle. 


302 


PRACTICAL  HISTOLOGY. 


[XXVII, 


colloid  nature,  and  is  then  a  pathological  product.  It  is  stained  by 
logwood.  Numerous  sections  of  blood-  and  lymph-vessels  outside 
the  basement  membrane  of  the  acini. 

12.  Injected  Thyroid  (thickish  section  in  balsam). — (L)  Numer- 
ous large  vessels  in  the  connective  tissue,  with  a  plexus  of  capil- 
laries over  the  acini,  but  outside  their  basement  membrane. 


ADDITIONAL  EXERCISES. 

13.  Lung  of  Newt.  — (i. )  This  is  au  elongated  sac,  and  is  of  comparatively 
simple  structure.  Fill  a  lung  with  gold  chloride  (.5  per  cent.),  and  suspend 
it  in  a  few  cc.  of  the  same  fluid  for  twenty  minutes.  Reduce  the  gold  by 
exposure  to  sunlight  in  water  feebly  acidulated  with  acetic  acid.  Mount  a 
portion  of  the  thin  wall  in  glycerine. 

{a.)  (L)  Observe  islands  or  small  groups  of  epithelial  cells.  They  lie  in  the 
intercapillary  spaces.  The  capillaries  are  wide,  and  form  an  anastomosing 
network.  Outside  this  capillary  layer  is  a  layer  of  smooth  muscle,  and  one  of 
fibrous  tissue. 

(ii.)  If  the  gold  chloride  be  reduced  by  formic  acid  (25  per  cent,  in  the  dark), 
the  epithelium  lining  the  lung  is  shed,  and  then  the  nerves  to  the  lung — with 
many  ganglia  in  their  course — can  be  seen. 

14.  Lung  of  Frog. — (i.)  Fill  a  lung  with  dilute  alcohol,  suspend  it  in  the 
same  fluid  (twenty-four  hours),  lay  open  the  lung  and  pencil  away  the  inner 
lining  epithelium  and  mount  in  Farrant's  solution. 

(a.)  (L)  Observe  the  large,  coarse,  but  short  primary  septa,  which  project 
inwards  from  the  wall  of  the  lung  towards  the  large  central  cavity.  From 
them  secondary  septa  pass  to  form  a  trabecular  arrangement,  thus  giving  the 
interior  of  the  lung  a  honeycomb-looking  appearance.  The  trabeculae  consist 
chiefly  of  smooth  muscle. 

(ii.)  The  nerves  of  the  frog's  lung  are  readily  demonstrated  by  the  gold 
chloride  formic  acid  method  and  the  methylene-blue  method.  The  numerous 
ganglionic  cells  in  the  course  of  the  nerves  have  a  straight  and  a  spiral 
process. 

15.  Elastic  Fibres  in  Trachea  and  Lung. — (i.)  Stain  a  longitudinal  section 
of  the  hardened  human  trachea  according  to  the  method  described  in  Lesson 
X.  10.    The  elastic  fibres  become  black. 

(ii.)  Use  the  safranin  method  (Lesson  X.  9).  This  shows  beautifully  the 
arrangement  of  the  fibres,  now  of  a  purplish  or  black  tint. 
X  16.  Elastic  Fibres  in  the  Lung.— (i.)  I  have  devised  the  following  two 
/  methods,  which  give  good  results :— Make  sections  of  a  dried  and  distended 
/  lung,  stain  a  section  in  dilute  magenta,  and  allow  the  section  to  dry  com- 
pletely on  a  slide  ;  add  balsam  and  cover.  The  elastic  fibres  are  red,  and  their 
arrangement  can  be  seen  with  the  utmost  distinctness. 

(ii. )  Or,  stain  a  section  in  methyl-violet,  and  clarify  it  with  the  aniline-oil 
and  xylol  mixture  (p.  123). 
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7i>  Cortex. 


KIDNEY. 

If  a  kidney  be  divided  longitudinally,  one  distingxiislies  a  cortical 
and  a  medullary  part,  the  latter  consisting  in  different  animals  of 
one  or  more  pyramidal 

■  6 


portions— tliepyramids 
of  Malpighi  —  whose 
apices  project  into  the 
pelvis  of  the  kidney, 
while  their  bases  are 
surrounded  by  cortical 
substances.  The  medul- 
lary portion  is  subdi- 
vided into  the  boun- 
dary or  intermediate 
zone  and  the  papUlary 
portion  (fig.  293).  The 
kidney  is  covered  by  a 
loosely  adherent  cap- 
sule. It  is  a  compound 
tubular  gland,  consist- 
ing of  numerous  urini- 
ferous  tubules  closely 
packed  together  with 
very  little  connective 
tissue  between  them, 
the  connective  tissue 
carrying  the  blood-ves- 
sels, lymphatics,  and 
nerves.  The  urini  - 
ferous  tubules  pursue  a 
straight  course  in  the 
medulla,  but  they  ex- 
hibit a  contorted  or 
convoluted  arrangement 
straight  tubules 


\  Boundary  or 
7  >mai'ginal 
/  zone. 


ifc>  Papillary 
zone. 


Fig.  203.— L.S.  of  a  Pyramid  of  Malpighi.  PF.  Pyramids 
oiFerrein;  RA.  Brancli  of  renal  artery  with  an  in- 
terlobular artery,  RV.  Lumen  of  a  renal  vein  re- 
ceiving an  interlobular  vein;  VR.  Vasa  recta;  PA. 
Apex  of  a  renal  papilla ;  bb.  Embrace  the  bases  of 
the  lobules. 


in  the   cortex,   although   bundles  of 
the  medullary  rays  or  pyramids  of  Ferrein— 
pass  into  the  cortex  from  the  medulla  (fig.  293)     Each  uriniferous 
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tubule  consists  of  a  basement  membrane  lined  by  a  single  layer  of 
epithelium.  The  tubules  alter  their  character  and  course  in  dif- 
ferent parts  of  the  organ 


The  tubules  begin  in  the  cortex  in  a 


Sub-cap- 
sulai'  layer. 


12.  Junc- 
tional tu- 
bule. 

11.  Convolu- 
ted tubule, 
lo.  Irregu- 
lar tubule. 

A) A.  COETEX. 


3.  Proximal 
convoluted 
tubule, 
g.  Ascend- 
ing tubule. 
2.  Neck. 

Spiral 
tubule. 
1.  Capsule 
and  glome- 
rulus. 


7  and  8.  Ascending 
part  of  Henle's  loop, 


*B.  BouNDAET  Zone. 

5.  Descending  limb 
of  Henle's  tubule. 


6.  Henle's  loop. 


15.  Discharging 
tubule, 

kC.  PAPiLLAiir  Zone. 
Fio.  294.— Diagram  of  the  Course  of  Two  llriuiferous  Tubules. 

alobular  dilatation— the  Malpighian  capsule— which  encloses  a 
tuft  of  vessels— the  glomerulus  (fig.  294)-  The  capsule  leads  mto 
a  narrow  neck,  which  passes  into  the  first  or  proximal  convoluted 
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tubule,  which  in  turn  is  continued  into  the  spiral  tubule.  After 
this  it  narrows  suddenly  and  runs  into  the  medulla  as  the  descend- 
ing tubule  of  Henle,  where  it  forms  a  narrow  loop— loop  of  Henle— 
and  passes  in  the  reverse  direction  towards  the  cortex  as  the  ascend- 
ing tubule  of  Henle.  In  the  cortex  it  has  a  zigzag  course— irregular 
tubule— and  again  becomes  wider  and  convoluted — second  or  distal 
convoluted  tubule— which  leads  into  a  straight  tube— junctional 
tubule— which  joins  a  straight  or  collecting  tubule.    This  passes 

Tabular  Vieio  {after  ScMfer)  of  the  Parts,  Situation  and  Epithelium 
of  a  Uriniferous  Tubtile. 


Portion  of  Tubule. 


1.  Capsule    .  . 

2.  First  convoluted 

tube 

3.  Spiral  tube  . 

4.  Descending  limb 

of  Heule's  tube 

5.  Loop  of  Henle  . 

6.  Ascending  tube 

oF  Henle 

7.  Irregular  zigzag 

tube 

8.  Second  couvoliited 

tube 

9.  Junctional  tiibe . 

10.  Straigbt  or  col- 

lecting tube 

11.  Duct  of  Bellini  . 


Kind  of  Epithelium  (always  in  a 
single  layer). 


Flattened,     reflected  over 

glomerulus 
Cubical,  rodded  cells,  whicli 

interlock 
Like  last,  but  "rods "very 

distinct 
Clear  ilattened  cells 


Clear  cubical  and  columnar 
cells 

Clear  columnar  cells 


Situation  of  Tubule. 


Labyrinth  of  cortex. 

J)  M 

Medullary    ray  of 

cortex. 
Boundary  zone  and 

partly  in  papillary 

zone. 

Papillary  zone  of 
medulla. 

Medulla  and  medul- 
lary ray  of  cortex. 

Labyrinth  of  cortex. 


Labyrinth  passing  to 
medullary  ray. 

Medullary  ray  and 
medulla. 

Opens  at  apex  of 
papilla. 


Cubical,  rodded,  sometimes 

imbricated 
Cells  cubical,  very  "rodded," 

lumen  small 
Like  those  of  (2),  but  longer 

and  more  refractive 
Clear,  flattened,  cubical  cells 


straight  through  the  cortex  and  medulla,  receiving  other  similar 
tubes  as  it  goes ;  and  becoming  wider,  it  opens  as  a  discharging 
tubule  (duct  of  Bellini)  on  the  apex  of  a  Malpighian  pyramid.  The 
tubes  are  lined  throughout  by  a  single  layer  of  epithelium,  which, 
however,  changes  its  characters  in  the  different  parts  of  the  tube! 
The  Malpighian  capsule  is  a  globular  expansion  (200  /x),  composed  of 
a  basement  membrane  lined  by  a  single  layer  of  squamous  epi- 
thelium.   In  the  convoluted  tubules,  proximal  and  distal,  the  epithe- 
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Hal  cells  are  somewhat  cubical,  but  their  outlines  are  not  well 
defined.    They  each  contain  a  spherical  nucleus,  and  their  proto- 
plasm is  "  rodded,"  especially  at  the  outer  part.    In  the  ifpiral 
tubule  the  cells  are  not  unlike  those  of  the  convoluted  tubule,  but 
they  are  not  so  tall,  and  therefore  leave  a  more  distinct  lumen,  and 
they  are  not  so  markedly  "  rodded."    In  the  descending  yart  of  the 
loop  and  the  loop  itself — very  narrow  (10-15  /a) — the  cells  are 
clear  and  flattened,  with  a  bulging  opposite  the  nucleus,  and 
these  projections  alternate  with  those  on  the  opposite  side  of 
the  tubule.     The  ascending  limb  (30  fx  wide)  has  somewhat 
cubical  cells,  which  leave  a  regular  lumen.    They  are  striated, 
and  often  present  an  imbricate  arrangement.    The  irregular^  or 
zigzag  tubule  bends  on  itself  with  sharp  angles,  and  is  wide, 
with  an  irregular  lumen.     Its  cells  stain  deeply  with  staining 
reagents,  and  are  conspicuously  striated  in  their  outer  part.  The 
second  or  distal  convoluted  tubule  is  like  the  proximal.    The  junc- 
tional and  collecting  tabides  are  lined  by  low,  columnar,  clear,  trans- 
parent cells  with  small  nuclei.    The  cells  do  not  stain  readily. 
In  the  discharging  tubules  the  cells  have  the  same  general  character, 
but  they  are  taller  and  more  columnar.   Fig.  294  shows  the  general 
arrangement  of  the  tubules,  and  from  it  it  is  easy  to  see  in  what 
part  of  the  kidney  each  kind  of  tubule  is  placed. 

Blood- Vessels.— The  renal  artery  enters  the  kidney,  splits  mto 
branches  which  run  towards  the  cortex,  and  at  the  junction  of  the 
cortex  and  medulla  form  incomplete  arterial  arches  (fig.  293). 
From  these  arches  arise  the  radiate  or  interlobular  arteries,  run- 
nino-  in  the  cortex  between  two  medullary  rays  in  a  radial  direction 
towards  the  surface.  They  give  off  at  intervals  on  all  sides  short, 
slightly-curved  vessels—vasa  afferentia— which  run  without  branch- 
ing^ to  end  within  the  Malpighian  capsules,  and  there  form  the 
glomeruli.  The  vas  eflferens  comes  out  of  the  Malpighian  capsule 
close  to  where  the  afferent  vessel  enters  it  and  at  the  pole  opposite 
to  the  origin  of  the  uriniferous  tubule.  The  eff'erent  vessel  splits 
up  into  capillaries,  which  ramify  amongst  the  tubules  of  the  cortex. 
The  blood  is  returned  from  the  cortex  by  interlobular  veins  ^g. 
20^,  which  run  alongside  of  the  correspondmg  arteries.  The 
medulla  is  supplied  by  leashes  of  vessels—vasa  recta-which  for 
the  most  part  proceed  from  the  arterial  arches.  The  vasa  recta  are 
pencils  of  arterioles  (10-15),  spUtting  up  into  capillaries  which 
ramify  between  the  tubules  of  the  medulla ;  the  medulla,  however, 
is  not  so  vascular  as  the  cortex.  The  blood  is  returned  by  corre- 
SDondincr  veins.  The  connective  tissue  is  very  scanty  m  the  cortex, 
but  abundant  in  and  near  the  apices  of  the  Malpighian  pyramids. 

Methods— (i.)  Harden  small  pieces  in  a  2  percent,  solution  ot 
potassic  bichromate  (18-20  days)  or  Mliller's  fluid.  Corrosive 
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sublimate  is  also  very  good,  and  so  is  alcohol.  The  pieces  should 
not  be  large,  and  should  be  cut  according  as  a  longitudinal  or  trans- 
verse section  is  desired.  Stain  and  cut  in  bulk  in  iDaraffin.  In  all 
cases  the  pieces  should  include  both  the  cortical  and  medullary 
jjortions,  and  should  not  be  more  than  half-an-inch  in  thickness. 

(ii.)  Place  small  pieces  in  boiling  water  and  then  complete  the 
hardening  in  Mliller's  fluid  or  alcohol. 

(iii.)  To  fix  the  ei)ithelium  use  Memming's  fluid,  e.g.,  for  mouse's 
kidney. 

Make  radial  sections  from  the  cortex  to  the  apex  of  a  Malpighian 
pyramid.  For  a  general  view  stain  a  section  in  hsematoxylin  and 
mount  it  in  balsam.  Another  one  should  be  stained  in  picro- 
carmine  or  picro-lithio-carmine  and  mounted  in  Warrant's  solution. 
For  unstained  sections,  steeping  them  for  twenty-four  hours  in 
I  per  cent,  osmic  acid  before  mounting  them  in  Warrant's  solution 
is  excellent.  The  best  way  is  to  begin  with  a  section  of  the  entire 
kidney  of  a  small  animal,  such  as  a  mouse,  rat,  or  guinea-pig.  In 
this  way  a  good  view  is  got  of  the  entire  organ  in  section. 

1.  Radial  Section  of  Kidney  of  a  small  mammal. 

(a.)  (L)  Observe  the  capsule ;  it  is  thin  and  apt  to  fall  ofi";  the 
cortical  and  medullary  portions  of  the  parenchyma.  The  meduUa, 
composed  of  straight  tubules  of  difi"erent  sizes,  and  running  radially 
from  the  pelvis  of  the  kidney  outwards. 

(6.)  Trace  some  of  the  straight  tubules  outwards  through  the 
intermediate  layer,  in  bundles — the  pyramids  of  Ferrein  or  medul- 
lary rays— into  the  cortical  layer  (fig.  293,  PF).  Many  medullary 
rays  pass  from  a  Malpighian  pyramid,  and  they  run  radially  out- 
wards in  the  cortex  nearly  to  its  outer  part — although  they  do  not 
reach  the  surface — becoming  narrower  as  they  are  traced  outwards. 

(c.)  In  the  cortex,  between  every  two  medullary  rays,  are  con- 
voluted tubes,  twisted  and  cut  in  every  direction,  and  two  rows  of 
glomeruli,  enclosed  in  their  caijsules — the  labyrinth.  Here  and 
there  a  glomerulus  may  have  fallen  out,  and  the  space  it  occupied 
be  left  as  a  round  aperture.  The  regular  arrangement  of  the 
glomeruli  will  only  be  seen  provided  the  section  nms  parallel  to  the 
course  of  the  medullary  rays.  The  glomeruli  are  confined  to  the 
cortex,  but  none  of  them  reach  quite  to  the  capsule. 

{d.)  (H)  In  the  cortex,  the  Malpighian  capsules,  each  enclosing 
a  tuft  of  capiUaries  or  glomerulus.  They  consist  of  a  structureless 
membrane  lined  by  a  single  layer  of  squames.  The  oval,  flattened 
nuclei  of  the  latter  are  seen  lying  on  the  inner  surface  of  the  cap- 
sule. Withm  each  capsule  a  cluster  of  capillaries— glomerulus— 
arranged  in  several  groups.  Although  the  squamous  lining  of  the 
capsule  IS  reflected  over  the  capillaries,  it  is  not  easy  to  distinguish 
tlie  nuclei  of  these  cells  from  the  very  numerous  nuclei  of  the 
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capillaries  (fig.  295).  The  basement  membrane  of  the  capsule  is 
continnous  by  a  narrow  neck  Avith  the  basement  membrane  of  a 
convoluted  tubule,  but  it  is  only  in  the  rare  case  where  the  section 

cuts  the  capsule  at  this  level  that 
this  connection  is  seen.  This  con- 
nection must  usually  be  made  out 
on  isolated  tubules,  although  some- 
in  sections  of  a 


times  it  is  seen 
mouse's  kidney. 

(e.)  The  convoluted  tubules, 
with  a  sinuous  or  twisted  course, 
cut  some  longitudinally  and  others 
transversely.  Each  tube  is  lined 
by  a  single  layer  of  cells,  the  indi- 
vidual cells  not  sharply  mapped  off 
from  each  other,  and  leaving  a 
small  lumen  in  the  centre.  The 
outer  part  of  each  cell  is  striated 
or  "  rodded,"  and  near  its  centre 
it  contains  a  spheroidal  nucleus 
(fig.  296). 

(/)  Irregular  Tubules. — Here 
and  there  in  the  cortex  may  be  seen  zigzag  portions  of  tubules 
of  unequal  width,  and  usually  more  deeply  stained  than  the  rest, 

and  the  epithelium  dis- 
tinctly rodded  (fig.  297). 

(g.)  Note  the  small 
amount  of  connective 
tissue  between  the  tub- 
ules of  the  cortex.  It 
is  best  seen  just  outside 
the  Malpighian  capsules. 
It  is  far  more  abundant 
in  the  medulla. 


Fig 


..  295.— Glomerulus  and  Sections  of  Con- 
voluted Tubules  of  a  Kidney,  x  300. 


Fig.  296.— Kodded  Epithelium  of  a  Convoluted  Tubule. 
Ammonivim  chromate. 


(h.)  In  the 
widest  where 


meduUa,  the  straight  tubes,  which  are  largest  and 
they  are  about  to  open  on  the  apex  of  a  Malpighian 
pyramid — dischargmg  tubules— but 
it  is  not  so  easy  to  get  a  section 
showing  this,  as  from  their  radial 
arrangement  they  are  apt  to  be  cut 
obliquely.  The  collecting  and  dis- 
charging tubes  have  a  Avide  lumen, 
and  are  lined  by  a  layer  of  clear 
columnar  cells  with  ovoid  nuclei.  Trace  the  straight  tubules  out- 
wards towards  the  surface ;  they  become  smaller,  still  their  lumen 


Fig  207.— Irregular  Tubule,!  Kidney  of 
Dog.   Miiller's  fluid. 
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remains  distinct,  and  they  are  lined  by  clear  nucleated  short 
columnar  or  cubical  epithelium. 

(i.)  In  the  medullary  rays  in  the  intermediate  layer  very  narrow 
tubes— the  descending  portion  of  the  looped  tubule  of  Henle  (fig. 
300),  not  unlike  fine  capillaries— may  be  seen,  and  also  the  wider, 
more  deeply  stained  ascending  portion  of  the  same  tubiile. 

2.  T.S.  of  the  Apex  of  a  Malpigliian  Pyramid  {Hcematoxylin 
and  Balsam). 

(a.)  (L  and  H)  Observe  the  large  amount  of  connective  tissue 
between  the  tubules.  The  large  collecting  tubules  are  cut  across, 
so  that  their  large  lumina  and  the 
clear  columnar  epithelial  cells  lining 
them  are  distinctly  seen  (fig.  298). 
Ifot  infrequently  the  epithelium 
falls  out,  and  then  the  connective 
tissue  appears  as  a  network  with 
round  or  oval  holes. 

3.  T.S.  MeduUary  Eay.  — Sec- 
tions should  be  cut  in  various  direc- 
tions and  at  different  levels  in  the 
cortex.  One  of  the  most  instructive 
is  to  cut  a  section  across  the  direc- 
tion of  the  medullary  rays.  In  it 
will  be  seen  groups  of  transverse 
sections  of  the  various  tubes — col- 
lecting, ascending,  and  descending 
portions  of  the  looped  tubule  of 

-TT     1  1-1  1  T   1     -"^i"-  290. — x.o.  Apex  01  a  jjaipigiiiau 

Menle — which  make   up   a  medul-         Pyramid,    a.  Large  collecting  tub- 

lary  ray.    Between  the  rays  there      ^^^V  ^1         wide  and  narrow 

•'  „     ,  ,.        .  parts  of  Henle  s  tubule;  JE,  F. 

are  sections  01  glomeruli  and  con-  Blood-vessels. 

voluted  tubules. 

Blood-Vessels  of  the  Kidney.— The  sections  should  be  cut 
from  a  kidney  injected  with  carmine  gelatine  or  Berlin-blue  gela- 
tine ;  they  should  be  radial,  not  too  thin  ;  best  from  the  kidney  of 
a  small  mammal,  and  mounted  in  balsam.  In  injecting  a  kidney 
do  not  use  too  great  pressure,  as  otherwise  the  glomerular  capillaries 
are  apt  to  burst,  and  the  injection-mass  passes  into  the  tubules. 
AVhen  the  stellate  veins  on  the  surface  are  seen  to  be  well  injected, 
one  may  infer  that  the  mass  has  traversed  the  glomerular  capillaries. 
In  a  small  animal  inject  from  the  aorta,  in  a  large  one  from  the 
renal  artery. 

4.  T.S.  Injected  Kidney.— («.)  (L)  Between  the  cortex  and 
the  medulla,  i.e.,  in  the  boundary  or  intermediate  layer,  sections 
of  the  larger  branches  of  the  renal  artery  and  vein  will  be  seen 
(fig.  293,  RA),  i.e.,  along  the  "line  of  vascular  supply."  From 
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FlQ.  200.— Blood- Vessels  of  the  Kidney. 
A.  Capillaries  of  cortex;  B.  Of 
medulla;  a.  Interlobular  artery;  i. 
Vas  afferens  ;  2.  Vas  efferens ;  r,  e. 
Vasa  recta;  VV.  Interlobular  vein; 
S.  Origin  of  a  stellate  vein  ;  i,  i.  Bow- 
man's capsule  and  glomerulus  ;  P. 
Apex  of  papilla ;  C.  Capsule  of  kid- 
ney; e.  Vasa  recta  from  lowest  vas 
eflerens. 


these  the  mterlobular  arteries  and 
veins  (fig.  299,  a),  running  out- 
wards in  the  middle  between  every 
two  medullary  rays  (fig.  293). 
From  these  are  given  off  on  all 
sides,  at  short  intervals  along  the 
course  of  the  vessels,  short  arteries 
— the  vasa  afferentia.  Each  vas 
aflferens,  after  a  very  short  course, 
runs  to  a  Malpighian  capsule,  and 
splits  up  into  capillaries  to  form 
the  glomerulus. 

(6.)  If  the  capsule  is  cut  at  the 
level  where  the  artery  enters,  the 
short  and  narrower  efferent  vein  or 
vas  efferens  will  be  seen  coming 
out  at  the  same  pole,  and  after  a 
similar  short  course  breaking  into 
a  network  of  capillaries,  which  sur- 
rounds the  tubules  of  the  cortex. 
Around  the  convoluted  tubules  the 
meshes  of  the  network  are  some- 
what polygonal,  but  in  the  medul- 
lary rays  in  the  cortex  they  are 
more  elongated. 

(c.)  From  this  capillary  network 
arise  short  veins,  which  join  the 
interlobular  veins  (fig.  299).  Quite 
at  the  upper  end  of  the  inter- 
lobular artery  a  few  branches  are 
given  off,  which  end  directly  in 
this  capillary  netAvork  without  the 
intervention  of  glomeruli.  Under 
the  capsule  the  small  veins  are 
arranged  in  a  stellate  manner,  con- 
stituting  the   vejice  stellatce  (fig. 

299,  S).  _ 

(d.)  Passing  again  to  the  "line 
of  vascular  supply,"  the  short 
vessels  which  break  up  into  leashes 
or  bundles  of  small  blood-vessels 
(fig.  299,  r),  the  vasa  recta  (arterifc 
rectas,  vence  rectie),  which  run  be- 
tween the  medullary  rays  into  the 
medulla,  where  they  form  an 
elongated  capillary  mesliwork  be- 
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Fig.  300.— Part  of  De- 
scending Looped 
Tubule  of  Henle. 


tween  the  straight  tubules  of  the  medulla.  The  medulla  is  not  so 
vascular  as  the  cortex,  and  it  has  no  glomeruli. 

5.  Injected  and  Stained  T.S.  Kidney.— A  not  too  thin  injected 
section— say  injected  with  a  blue  mass— may  be  stained  with  picro- 
carmine,  which  makes  the  tubular  structures  more  distinct  by 
staining  their  nuclei. 

6.  Fresh  Kidney— Glomeruli  and  Basement  Membranes 
Tubules. — Expose  a  fresh  kidney  to  the  air  for  a  day  or 
according  to  the  temperature.    Cover  it  to  prevent  evaporation. 
Tease  part  of  the  medulla  and  cortex  in  normal  saline. 

(a.)  (H)  Observe  the  long,  partly  empty,  structureless,  basement 
membranes  of  the  tubules,  often  exhibiting  folds ; 
also  isolated  cells  of  the  tubules. 

(h.)  Isolated  glomeruli,  consisting  of  several 
tufts  of  capillaries.  The  nuclei  of  their  cells  are 
revealed  by  dilute  acetic  acid. 

(c.)  Narrow  tubules,  not  unlike  blood-capil- 
laries, but  they  possess  a  wall  lined  by  a  layer  of 
squames,  the  nucleated  part  of  the  squames  alter- 
nating on  opposite  sides  of  the  tubule.  These  are 
the  descending  part  of  the  looped  tubule  (fig. 
300). 

7.  Isolated  Cells  of  the  Different  Tubules. — 

Place  very  small  pieces  (size  of  a  split-pea)  24-48  hours  in  a  5  per 
cent,  solution  of  neutral  ammonium  chromate.  Wash  in  water,  and 
tease  small  fragments  in  a  50  per  cent,  solution  of  potassic  acetate, 
or,  without  washing,  tease  a  fragment  in  the 
chromate  solution. 

(a.)  (H)  Note  specially  the  cells  of  the  con- 
voluted tubules  and  those  of  the  ascending  limb 
of  Henle's  loop.  They  show  the  "  rodded  "  char- 
acter of  the  outer  part  of  the  protoplasm.  Ad- 
ioining  cells  tend  to  interlock  with  each  other 

(fig-  301)-  Fig 

8.  Isolated  Tubules. — Place  small  pieces  (size 
of  a  pea)  of  the  kidney  of  a  mouse,  tortoise,  or 
guinea-pig  (3-4  hours)  in  pure  hydrochloric  acid 
or  40  per  cent,  nitric  acid  (2-4  hours),  wash  in 
water  and  leave  them  in  water  for  18-24  hours. 
They  swell  up,  and  their  constituents  readily  fall 
asunder.  Place  a  fragment  in  water  slightly  tinged  with  iodine  and 
gently  tap  the  glass  slide,  or  stain  with  dilute  acid-fuchsin.  This 
is  sufficient  to  cause  the  tubules  to  fall  asunder. 

(L  and  H)  In  a  part  from  the  cortex  search  for  a  convoluted 
tubule  still  connected  with  its  capsule,  the  twists  on  the  tube  itself, 


JO  I.  — Isolated 
Cells  from  Convo- 
luted Tubules.  I. 
On  the  flat  with 
interlocking  pro- 
cesses; 2,  Ouedge 
and  "  rodded." 
Amnioniuni  chro- 
mate. 
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and  the  transition  to  the  narrow  part  of  the  looped  tubule  of  Henle. 
This  is  perhaps  easiest  to  obtain  from  a  mouse's  kidney.  Isolated 
straight  tubules  from  the  medullary  part.  To  preserve  this  prepara- 
tion, suck  away  the  fluid  and  gently  replace  it  with  glycerine. 

Ureter  and  Bladder. — Harden  small  pieces  in  Miiller's  fluid 
(14  days)  or  in  corrosive  sublimate  (5-6  hours),  and  then  in 
gradually  increasing  strengths  of  alcohol.  Make  transverse  sections 
of  the  one  and  vertical  sections  of  the  other.  Flemming's  fluid  for 
epithelium.  Stain  in  hasmatoxylin  and  mount  in  balsam;  and 
others  in  picro-carmine  and  mount  in  Warrant's  solution.  Or  stain  in 
bulk  in  borax-carmine  and  cut  in  paraflin.  The  ureter  of  a  cat  or 
monkey  does  very  well,  and  it  is  well  to  use  the  contracted  bladder 
of  a  small  mammal. 

9.  T.S.  Ureter  (fig.  302).— (a.)  (L)  Externally  is  a  thin  fibrous 


FIS.  TO2.— T.S.  Lower  rai  t  of  Human  Ureter,  e.  Transitional  epitheUum ;  s.  Sub- 
mucosa;  I  and  r.  Longitudinal  and  circular  smooth  muscular  fibres;  t.  Tumca 
propria.  Miiller's  fluid,  x  15. 

coat  or  adventitia,  consisting  of  connective  tissue  with  the  large 

vessels  and  nerves. 

(&.)  The  muscular  coat  consists  of  an  outer  layer  of  smooth 

muscle  arranged  circularly,  and  inside  this  a  longitudinal  coat 

arranged  in  bundles,  the  latter,  of  course,  divided  transversely.  In 

the  lower  part  of  the  ureter  there  is  an  incomplete  longitudinal 

muscular  coat  outside  the  circular  coat. 

(c.)  The  submucous  coat  is  thin,  and  passes  gradually  into 

(d.)  The  mucous  coat,  which  is  thrown  into  ridges  or  folds,  and 

is  lined  by  transitional  epithelium. 
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riQ.  303. — V.S.  Epithelium  of  the  Mucous  Memhrane 
of  a  Human  Bladder.   Mtiller's  fluid,  x  560. 


(e.)  (H)  The  transitional  epithelium,  and  the  variation  in  the 
shape  of  the  cells  arranged  in  several  layers,  from  the  free  mucous 
surface  outwards. 

10.  V.S.  Bladder  (fig. 
303). — (a.)  (L)  Most  ex- 
ternally a  thin  fibrous  coat, 
in  some  places  covered  by 
a  serous  coat. 

(6.)  The  muscular  coat, 
composed  of  longitudinal 
and  circular  smooth  fibres. 
Usually  there  is  an  outer 
and  an  inner  longitudinal 
layer  with  a  circular  layer 
between.  The  appearance 
of  these  layers  will  depend 
on  the  j)lane  of  the  sec- 
tion. 

The  submucous  and  mucous  (H)  coats  are  hke  those  of  the 
meter. 

(c.)  (H)  The  transitional  epithelium  and  the  great  variety  in  the 
shape  of  the  cells  from  below   


upwards.  Occasionally  amongst 
the  epithehal  cells  are  leucocytes 
(lig.  303).  It  is  important  to 
observe  that  the  thickness  and 
shape  of  the  lining  transitional 
epithelium  will  necessarily  vary 
with  the  state  of  distension  or 
contraction  of  the  bladder. 

11.  T.S.  Penis,  e.g.,  of  a 
monkey  or  other  small  mammal. 
Harden  it  in  alcohol  or  fix  in 
Flemming's  fluid.  Make  T.S. 
and  stain  with  safranin. 

(a.)  (L)  It  consists  of  the  two 
corpora  cavernosa,  placed  dor- 
sally,  one  on  each  side  of  the 
middle  line,  and  inferiorly  the 
corpus  spongiosum.  In  the 
centre  of  the  latter  is  the 
urethra   as    a    transverse  slit. 


Fig.  304.— T.S.  Penis  of  Monlcey.  CC.  Cor- 
pus caveniosum ;  CS.  Corpus  spongio- 
sum; s.  Septum;  u.  Uretlira ;  DV. 
Dorsal  vein;  DA.  Dorsal  arteries;  iV. 
Nerves. 


In  the  prostatic  part  the  mucous  membrane  is  lined  by  transitional 
epithelium,  but  in  the  body  of  the  penis  it  is  lined  by  "the  columnar 
variety,  except  at  the  meatus,  where  it  is  stratified. 
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(b.)  Note  the  trabeculse  of  connective  tissue — bounding  -wide 
spaces — in  the  cavernous  part.  The  whole  is.,  surrounded  by  a 
tough  capsule,  in  which,  dorsally,  are  sections  of  blood-vessels — one 
vein  (DV)  and  two  arteries  (DA) — and  nerves  (fig.  304,  N). 

SUPEARENAL  CAPSULE. 

It  is  well  to  remember  that  there  are  great  variations  in  the 
structure  of  this  gland  in  different  animals.  The  suprarenal 
capsule  is  a  ductless  gland,  consisting  of  a  cortical  zone  and  a 


riG.  305.— T.S.  Human  Suprarenal  Capsule,  x  50. 


medulla.  It  is  invested  by  a  fibrous  capsule  which  sends  septa 
into  the  gland.  Especially  in  the  cortex,  these  septa  run  so  as  to 
o-ive  a  columnar  arrangement  to  the  cells  which  lie  between  them. 
The  parenchyma  of  the  organ  consists  of  cells  which  vary  in  their 
characters  in  different  regions.  The  cells  of  the  cortex  (15  /x)  are 
polyhedral,  nucleated,  granular,  yellowish-coloured  cells,  arranged 
under  the  capsule  in  rounded  groups— zona  glomerulosa.  Next 
this  is  the  widest  zone— the  zona  fasciculata.    Next  the  medulla 
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is  the  zona  reticularis.  In  the  medulla  the  cells  are  often  irregular 
or  polygonal  with  a-  clearer  protoplasm,  which  is  often  tinged  of  a 
yellowish  or  brownish  colour.  There  are  numerous  vessels  and 
nerves,  the  latter  with  ganglionic  cells. 

Harden  the  suprarenal  capsules  of  a  guinea-pig  in  lOein's  fluid 
(5-7  days),  and  then  in  alcohol,  or  fix  in  Flemming's  fluid.  Harden 
a  human  suprarenal  in  Kleinenberg's  fluid  (24  hours),  and  then  in 
alcohol.  Make  radial  sections,  and  stain  some  in  hsematoxylin,  and 
others  in  picro-carmine.    Or  stain  and  cut  in  paraffin. 

12.  V.S.  Suprarenal  Capsule.— (L)  Observe  the  arrangement 
already  described.  It  is  to  be  noted,  however,  that  there  are  great 
variations  in  the  structure  of  these  organs  in  different  species  of 
animals. 

(H)  Examine  the  cells  in  the  various  zones  (fig.  305). 


ADDITIONAL  EXERCISE. 

Termination  of  Nerves  in  Suprarenal  Capsules. — The  literature  and  most 
recent  results  will  be  found  in  Fusari's  paper  1  (with  a  plate).  He  used 
capsules  of  the  mouse,  rabbit,  pig,  cat,  and  new-born  infant.  The  method 
employed  was  the  quick  method  of  Golgi  (Lesson  XXX.),  i.e.,  small  fresh  pieces 
are  placed  in  the  osmico-bichromate  fluid  (3-10  days),  and  afterwards  in  i  per 
cent,  silver  nitrate  solution  (1-2  days). 


LESSON  XXIX. 
SKIN  AND  EPIDERMAL  APPENDAGES. 
THE  SKIN. 

The  skin  consists  of  the  epidermis  and  cutis  vera,  dermis,  or 

corimn.  The  epidermis  consists  of  many  layers  of  stratified 
squamous  epithelium  (p.  3 1 7).  The  corium  is  composed  of  a  basis 
of  fibrous  connective  tissue — white  and  yellow  fibres — and  its  sur- 
face is  thrown  into  a  number  of  papUlse,  which  difl'er  in  size, 
number,  arrangement,  and  form  in  diff'erent  parts  of  the  body. 
Undivided  conical  elevations  are  called  sinqde  2^apiUa',  but  when 
these  are  beset  with  smaller  papillte,  they  are  called  co^npouiui 
'papilliii.     The  epidermis  completely  covers  in  the  apices  of  the 

^  Arcliivital.  da  Biol.,  xvi.  p.  262,  1891. 
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papillae,  and  also  dips  down  into  the  furrows  between  adjoining 
rows  of  papillae,  so  that  the  surface  of  the  skin  is  smooth,  although 
the  arrangement  of  the  papillae  is  readily  detected  by  the  lines  on 
the  palmar  aspect  of  the  hand  and  foot.  The  fibrous  tissue  of  the 
cutis,  next  the  epidermis,  forms  a  very  thin  modified  layer  with 
scarcely  any  fibrils  and  no  corpuscles.  This  layer  acts  the  part  of 
a  basement  membrane,  and  is  continuous  with  the  basement 
membrane  of  a  sweat-gland.  In  the  dermis,  the  bundles  of  white 
fibres  interweave  with  each  other,  and  form  a  dense  tissue ;  at  the 
lower  part  of  the  skin  it  becomes  more  open  in  texture,  and  gradu- 
ally passes  into  the  subcutaneous  tissue.  Elastic  fibres  in  the  form 
of  networks  exist  in  large  numbers  in  the  cutis ;  they  are  finer  in 
the  papillae,  and  coarser  lower  down. 

The  subcutaneous  tissue  consists  of  a  complex  system  of 
trabeculse  of  fibrous  tissue,  and  in  some  of  the  meshes  are  lobules 
of  fatty  tissue  forming  a  fatty  layer,  constituting  the  stratum 
adiposum. 

The  arrangement  of  the  hlodd-vessels  is  stated  at  p.  325.  There 
are  also  numerous  lym'pliatics  and  nerves — some  of  the  latter  with 
peculiar  terminations — glands  (sweat  and  sebaceous),  and,  in  some 
situations,  hairs  with  their  hair-follicles. 

It  is  important  to  distinguish  between  the  hairy  skm  and  the 
parts  of  the  skin  without  hairs.  The  non-hairy  parts  are  the  volar 
surfaces  of  the  hands,  feet,  fingers,  and  toes,  nails,  lips,  mammary 
papillae,  certain  parts  of  the  external  genitals,  and  the  inner  part  of 
the  external  auditory  meatus.  The  hairy  yarts  are  the  remainder 
of  the  skin.  The  non-hairy  parts  are  concerned  with  direct  tactile 
sensations,  the  hairy  parts  with  indirect  tactile  sensations,  the  hairs 
themselves  being  the  chief  tactile  organs  (Blaschlco^).  This 
observer  has  shown  that  the  epidermis  projects  into  the  cutis  vera 
in  the  form  of  septa,  varying  in  form  and  distribution  in  different 
parts  of  the  skin  (p-  325). 

Methods. — The  skin  must  be  prepared  in  various  ways  according 
to  the  particular  part  which  it  is  desired  to  study.  For  a  general 
view  proceed  as  follow  :—(«•)  Procure  a  fresh  portion  of  human 
skin  from  the  palm  of  the  hand  or  sole  of  the  foot,  cut  it  into 
pieces  about  i  cm.  square,  and  remove  most  of  the  subcutaneous  fat ; 
pin  it,  epithehal  surface  downwards,  on  a  piece  of  cork,  and  harden 
it  in  absolute  alcohol  (12  hours).  Kenew  the  alcohol  for  another 
twenty-four  hours.  Sections  may  be  cut  by  freezing,  and  then 
stained  with  haematoxylin  or  picro-carmine  (the  latter  to  be  mounted 
in  Warrant's  solution).  Better  still,  stain  the  whole  "in  bulk  "  in 
borax- carmine  or  liEematein,  and  embed  and  cut  it  in  parafiin. 


1  ArcJdvf.  mile.  Anat.,  xxx.  p.  495. 
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Mount  in  balsam.    Or  skin  so  hardened  may  be  double  stained 
bulk,  first  in  borax-carmine  and  then  in  hsematein. 
(6.)  Harden  the  skin  in  Miiller's  fluid. 

(c.)  For  the  layers  of  the  epidermis  fix  say  small  pieces  of  the 
skin  in  i  per  cent,  osmic  acid  or  Flemming's  fluid,  and  harden  in 
alcohol.    Stain  sections  in  safranin.  - 

1.  V.S.  Skin,  Palm  of  Hand. 

(a.)  (L)  The  epidermis,  consisting  of  many  layers  of  stratified 
squamous  epithelium,  resting  on  the  cutis  vera,  dermis,  corimn,  or 
true  skin.  The  latter  consists  of  connective  tissue,  and  is  provided 
with  finger-shaped  elevations  or  papillae,  which  project  into  the 
deeper  layers  of  the  epidermis,  the  latter  in  the  form  of  septa,  dip- 
ping in  between  the  papillse  (fig. 

306)  -  . 
{&.)  The   epidermis,  composed 

entirely  of  stratified  epithelial  cells. 

Proceeding  from  the  outside  (fig. 

307)  ,  observe — 
(i.)  The  stratum  corneum,  of 

variable  thickness,  consisting  of 
many  layers  of  flattened  or  slightly 
fusiform,  clear,  non-nucleated  cells 
united  to  each  other.  As  the  cells 
are  seen  on  edge,  they  are  very  thin. 
Those  on  the  surface  are  about  to 
be  shed,  and  consist  of  keratin. 

(ii.)  The  stratum  lucidum,  a 
tliin,  narrow,  clear,  homogeneous 
layer,  composed  of  two  or  more 
layers  of  flattened  cells,  containing 
sometimes  a  rod  -  shaped  nucleus. 
The  cells  do  not  stain  well  with 
dyes.  The  eleidin  granules  seem  to 
become  fused  together  and  form  the  basis  for  cornification,  as  the 
cells  are  changed  and  become  corneous. 

(iii.)  The  stratum  granulosum,  a  somewhat  thicker  layer,  com- 
posed of  ovoid  cells  two  or  three  rows  deep.  Each  cell  is  distinctly 
granular,  and  usually  this  layer  stands  out  deeply  stained,  because 
its  granules  of  eleidin  or  keratohyalin  are  stained  with  the  car- 
mine.   The  cells,  like  the  foregoing,  are  devoid  of  "prickles." 

(iv.)  The  stratum  MalpighU,  several  layers  of  more  plastic  cells. 
At  the  lowest  part,  where  they  rest  on  the  papillae  of  the  true  skin, 
the  cells — prickle-cells — are  smaller  and  columnar  in  shape  (with 
oval,  vertically-placed  nuclei),  but  above  this  they  become  more 
spheroidal  or  polygonal,  and  each  one  is  distinctly  nucleated. 


Fig.  306.--V.S.  Skin  of  Palmar  Surface 
of  Finger.  F.  Fat ;  P.  T.S.  Pacinian 
corpuscle. 
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gi-anulosuiii. 


(f.)  The  cutis  vera.  The  papillse,  conical  elevations  projecting 
into  the  Malpighian  layer.  They  consist  of  compact  fibrous  tissue. 
The  rest  of  the  skin  consists  of  bundles  of  white  fibrous  tissue 
interwoven  with  networks  of  elastic  fibres,  and  at  its  lower  part 
masses  of  fat-cells.  The  connective  tissue  and  fat-cells  below 
become  continuous  ^vith.  the  subcutaneous  tissue,  which  is  of  a 
more  open  texture ;  but  there  is  a  gradual  transition  from  the  one 

to  the  other.  The  nuclei  of  the 
connective  tissue  corpuscles  appear 
as  red  oval  dots. 

In  sections  of  the  sudoriferous 
glands,  their  coils  (in  the  deeper 
layers  of  the  corium),  their  ducts 
running  vertically  through  the 
skin,  and  a  corkscrew  passage  in 
the  epidermis  may  be  seen.  In 
some  of  the  papillse  observe  a 
touch-corpuscle  (p.  320),  and  in 
the  subcutaneous  tissue  occasion- 
ally sections  of  Pacinian  bodies 
(p.  320). 

{d.)  (H)  Observe  in  the  epi- 
dermis the  shape  and  characters 
of  the  successive  layers  of  epi- 
thelium. In  the  Malpighian 
layers,  "  prickle-ceUs,"  i.e.,  cells 
connected  with  each  other  by 
fine  "inter-cellular  bridges,"  are 
better  studied  in  an  osmic  acid 
section  (fig.  97).  (See  also 
Lesson  IV.) 

(i.)  In  the  stratum  Maljjighii 
the  lowest  cells  are  arranged  in 
a  single  layer  of  elongated,  some- 
what columnar  cells  (6-12  /x), 
with  large  oval  nuclei  surrounded 
by  granular  protoplasm.  The 
lower  ends  of  the  cells  frequently  exhibit  processes  which  fit  into 
the  dermis.  The  remainder  of  the  cells  of  this  layer  are  irregularly 
cubical,  and  exhibit  prickles  (Lesson  IV.,  and  p.  127).  In  the  dark 
races  the  particles  of  melanin,  which  give  the  dark  colour  to  the 
skin,  are  present  in  the  cells  of  this  layer,  especially  in  the  deepest 
layer  of  cells.    Nuclei  are  sometimes  seen  in  process  of  division. 

(ii.)  The  cells  of  the  stratum  granulosum  are  arranged  in  two  or 
more  layers,  and  are  flattened  horizontally,  so  that  they  are  lozenge- 


Whl«v|Alp\|;p^@y;&   .stratum 


Fig.  307.— v. S.  Human  Epidermis  with 
Terminations  of  Nerve  -  Fibrils,  ii. 
Nerve ;  d.  Dermis ;  b.  Branches  of 
nerve-flbrils. 
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shaped,  devoid  of  prickles,  and  are  crowded  with  granules  of  eleidin, 
a  substance,  apparently  one  of  the  stages  on  the  way  to  the  body 
keratin.  These  cells  stain  deeply  with  picro-carmine,  hseniatoxyliu, 
and  osmic  acid.  They  are  soluble  in  caustic  potash,  and  in  this 
respect  differ  from  keratin. 

(iii.)  The  stratum  lucidum  is  composed  of  two  or  more  layers  of 
flattened  transparent  cells,  with  no  prickles,  and  free  from  granules, 
but  with  a  horizontally-placed,  rod-shaped  nucleus.  They  do  not 
stain  readily. 

(iv.)  The  stratum  corneum  or  horny  layer  consists  of  horny 
squames  composed  of  keratin  (Lesson  IV.). 

(e.)  The  sweat-glands  are  most  numerous  in  the  palm  of  the 
hand  and  sole  of  the  foot.  Each  gland  is  a  simple  tube  coiled  up 
at  its  lower  extremity  into  a  coil  -i-  inch  in  diameter.  To  see  their 
whole  course — coil  and  duct — the  sections  must  not  be  too  thin, 
and  should  be  parallel  to  the  course  of  the  gland.  The  COil  of  the 
gland  lies  in  the  subcutaneous  tissue.  The  secretory  part  of  the 
tube  consists  of  a  basement  membrane  lined  by  a  single  layer  of 
nucleated  transparent  cubical  or  columijar  cells  surrounding  a  small 
but  distinct  lumen.  Between 
membrane  is  a  longitudinally- 
disposed  layer  of  smooth 
muscular  fibres.  The  coil 
also  contains  a  part  of  the 
sudoriferous   canal   or  duct 


the  epithelium  and  the  basement 

WB 

i 


IS 


Fia.  308.— Section  of  Part  of  Coil  of  a  Sweat- 
Gland.   D.  Duct ;  S.  Secretory  part,  x  300. 


(fig.  308).  The  latter 
narrower  than  the  secretory 
part,  and  consists  of  a  base- 
ment membrane  lined  by 
several  layers  of  polyhedral 
cells.  There  is  no  muscular 
layer,  but  internal  to  the 
epithelial  lining  there  is  a 
delicate  membrane  or  cuticle. 
Trace  the  coil  into  its  duct,  which  runs  vertically  through  the  cutis 
vera  with  a  slightly  wavy  course.  It  has  a  basement  membrane 
lined  by  two  or  three  layers  of  short  cubical  cells,  which,  if  traced 
upwards,  become  continuous  with  those  of  the  Malpighian  layer  of 
the  epidermis,  looking  like  a  funnel-shaped  expansion.  The  lumen 
of  the  duct  is  distinct.  The  basement  membrane  becomes  continuous 
with  the  altered  superficial  layer  of  the  corium  just  under  the  epi- 
dermis. The  lumen  of  the  duct  is  continued  upwards  in  a  corkscrew 
spiral  through  the  epidermis.  A  complete  view  of  its  course  is  only 
obtained  in  a  thickish  section.  In  a  thin  section  the  twistings  are 
of  course  divided. 
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2.  V.S.  Skin  of  Negro  (H). — Harden  in  alcoliol,  and  stain  the 
sections  slightly  in  eosin.  Mount  in  balsam.  Observe  the  granules 
of  melanin  in  the  deepest  layers  of  the  epidermis. 

3.  V.S.  Skin  of  Finger  {Double  Stained). — Stain  a  section  first 
in  methyl-green  iodide  and  clarify  it  with  clove-oil  coloured  with 
eosin.  Wash  out  the  clove-oil  with  xylol  and  mount  in  balsam. 
The  stratum  corneum  is  green,  and  so  are  the  nuclei  of  the  other 
epidermic  and  connective-tissue  cells. 

4.  Prickle-Cells  and  Touch-Corpuscles.— Place  in  i  per  cent, 
osmic  acid  or  Flemming's  fluid  (24  hours)  a  very  small  piece  of 
fresh  skin  from  the  palmar  surface  of  a  finger.  Wash  it  well  in 
water  and  complete  the  hardening  in  alcohol.  Make  V.S.  and 
mount  in  Warrant's  solution.  Or  cut  in  paraffin,  stain  in  safranin, 
and  mount  in  balsam. 

(a.)  (H)  Observe  the  various  layers  of  the  epidermis,  but  in  the 
Malpighian  layer  note  the  prickle-cells.  The  cells  appear  to  bo 
joined^by  their  edges  by  fina  striae,  the  striae  leaving  small  spaces 
between  them  (fig.  97).  The  strise  are  fine  "  intercellular  bridges," 
stretching  from  one  cell  to  another,  and  it  is  only  when  the  epi- 
dermis is  dissociated  and  the  bridges  broken  that  these  cells  appear 
as  cells  beset  with  fine  spines,  and  hence  they  were  called  "  prickle- 
cells  " 

(&.)  In  a  papiUa  search  for  a  Wagner's  touch-corpuscle  (fig.  351). 
It  is  au  oval  body,  with  its  long  axis  in  the  long  axis  of  the  papilla, 
but  they  are  not  present  in  all  papillae  (fig.  350).  They  consist  of 
a  fibrous-looking  material,  with  flattened  nuclei  arranged  trans- 
versely To  their  lower  end  passes  a  meduUated  nerve-fibre,  which 
usually  twists  round  the  corpuscle  before  it  enters  it.  The  ultimate 
distribution  of  the  nerve  is  best  seen  in  a  gold  chloride  preparation 

(Lesson  XXXIV.).  ,  .„    .  .     _  i  „ 

5  V  S  Foetal  Skin  for  Sweat-Glands  and  Pacunan  Corpuscles. 

—Harden  the  skin  of  the  tips  of  the  fingers  of  an  infant  in  alcohol 

and  make  V.S.    Stain  with  hasmatoxylin  and  eosm.  ,  ,  , 

(« )  (L)  Observe  the  general  arrangement  already  described,  but 
the  sweat-glands  are  much  more  closely  placed  than  in  adult  skin, 
and  there  is  less  intervening  connective  tissue.  A  child  at  birtJi 
has  its  full  complement  of  sweat-glands,  and  hence  they  must  be 
more  crowded  together  than  in  the  adult.  ■,      ,•  f 

(b  )  In  the  subcutaneous  tissue  are  lobtiles  of  fat  and  sections  ot 
Pacinian  corpuscles  (Lesson  XXXIV.  5).  The  latter  appear  to  con- 
sist of  concentric  laminse  surrounding  a  central  core. 

/c)(H)  Observe  two  or  three  layers  of  more  or  less  cubical  cells 
linin<^  the  duct  of  the  gland,  while  the  true  secretory  portion  is 
linedV  a  single  layer  only  of  low,  clear,  columnar  cells 

Hair  FolUdes.-To  see  their  structure,  harden  the  scalp  m 
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alcohol.  V.S.  must  be  made  parallel  to  tlie  course  of  the  hair- 
follicles,  which  requires  some  care.  Others  are  made  across  the 
follicles  at  different  levels ;  but  in  this  case  care  must  be  taken  not 
to  make  the  section  parallel  to  the  surface  of  the  skin,  but  at  right 
angles  to  the  course  of  the  hair-follicle.  If  an  oblique  section  be 
cut,  the  hair-follicles  are  cut  at  different  levels. 

Harden  a  small  piece  of  the  human  scalp  (2  cm.  square)  in 
Miiller's-  fluid  and  afterwards  in  alcohol.  Stain  a  section  in  log- 
wood, or  first  with  logwood  and  then'  with  picro-carmine.  Mount 
in  balsam. 

6.  V.S.  Hair-Follicle.— (a.)  (L)  and  (H)  Observe  the  very  thin 
epidermis,  the  thick  cutis  vera,  and  deep  down  the  subcutaneous 
masses  of  fat;  the  hair-follicles,  running  obliquely  through  the 
skin,  each  one  with  a  hair  in  it.  At  the  lower  part  the  hair  has  a 
bulbous  end  implanted  on  a  papilla ;  the  various  coats  of  the  hair- 
follicle,  some  continuous  with  the  corium,  and  others  with  the 
epidermis.  •  The  following  scheme  shows  the  layers  of  the  hair- 
follicle  : — • 


1  {a.)  Outer  root-sheath.  (  Henle's  layer. 

3.  Epitlielial  layers  <  (6. )  Inner  root-sheath.  4  Huxley's  layer. 

( (c.)  Cuticle  of  the  hair.  (.Cuticle  of  root-sheath. 

4.  TIic  hair. 

(b.)  Dermic  Coverings.— (i.)  (a.)  The  outer  fibrous  sheath 

denser  than  and  continuous  with  the  corium.  The  fibres  run  for 
the  most  part  longitudinally,  (b.)  The  inner  fibrous  slieatli  of 
fibrous  tissue  has  a  more  circular  arrangement  and  is  seen  as  fibres 
cut  across  transversely,  with  a  few  nuclei  interspersed. 

(2.)  The  hyaline  or  basement  miembrane,  clear,  structureless,  and 
well  marked.  It  separates  the  dermic  from  the  epidermic  coverin<Ts 
of  the  hair.  ° 

(3.)  The  Epidermic  Coverings.— (a.)  The  outer  root-sheath— ihQ 
most  obvious  part  of  the  covering — consisting  of  several  layers  of 
nucleated  cubical  cells,  continuous  with  and  resembling  those  of  the 
Malpighian  layer. 

{h.)  The  inner  root-sheath,  much  narrower  and  paler,  consistino- 
of  three  layers  of  cells  of  difi'erent  characters,  is  present  only  in  the 
lower  part  of  the  follicle,  i.e.,  below  the  sebaceous  "land 

(4.)  The  hair  with  its  cjJifzHe. 

{a.)  At  its  lowest  part  the  bulbous  enlargement  of  the  hair,  with 


Coverings  of  a  Hair-FoUicle  from  Without  Inwards. 


.  Fibrous  ic^^s  .|Jt;cS" 
2.  Glass-like  or  hyaline  membrane. 
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the  papilla  of  the  hair  follicle  (fig.  309)  projecting  into  it,  and  con- 
tinuous with  the  corium. 

(5.)  The  sebaceous  gland  or  glands.    In  a  balsam  preparation 


FIG.  309.-V.S.  Hair-Folliole  of  Human  Scalp,   i  and     Of     and  uner  ^^^^^^^^^  sheaths 
of  Lir-follicle;  3.  Hyaline  layer;  4.  Outer,  and  5 In'  f  >oo*-f 
of  hair,  with  its  papilla;  A.  Arrector  pili  muscle;      Ciitis  ve.a  n.  bui)cut.^ie^^^^ 
tissue,  with  fat  lobules;  h.  Epidermis  (horny  I'^yeiO ; Rete  Malpi^^^^^^^^^^^ 
vessels  ;  v.  Lymphatics  of  papilla ;  h.  Fibrous  pai't,  1.  MeduUa,  K.  Cuticle  01  nair , 
K.  Sweat-gland  and  its  coil. 

its  acini  are  yellowish  and  clear,  opening  by  a  duct  into  the  hair- 
follicle  at  about  its  upper  third  (fig.  309,  T). 

(c.)  The  arrector  pili  muscle  (smooth  muscle)  stretching  od- 
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liquely  from  the  deeper  part  of  .  the  hair-follicle  to  the  upper  part  of 
the  corium  (fig.  309). 

7.  T.S.  of  Hair-PoUicles  (Scalp). 

(a.)  (L)  In  the  human  scalp  the  hair-follicles  are  arranged  in 
groups  of  three  or  four,  with  interweaving  strands  of  connective 
tissue  between  them.  The  various  coverings — dermic  and  epi- 
dermic— can  now  be  distinctly  seen,  especially  if  the  section  be 
through  the  lower  half  of  the  hair-follicle. 

(6.)  (H)  Observe  both  V.S.  and  T.S.  to  see  the  structural  ele- 
ments forming  the  outer  coverings  of  a  hair-follicle. 

(i.)  The  innei-  rooi-sheath  consists  of  an  outer  layer  of  cells,  clear 
and  non-nucleated — Henle's  layer— and  an  inner  nucleated  layer — 
Huxleijs  layer.    Eoth  are  best  seen  in  T.S. 

(c.)  The  hair  has  a  cuticle,  while  the  hair  itself  may  or  may  not 
have  a  medulla. 

Carefully  compare  the  structures  of  the  hair-follicle  in  the  T.  and 
V.  sections. 

(d.)  The  sebaceous  gland,  its  acini  lined  by  cubical  cells,  contain- 
ing fat,  and  rendered  clear  by  the  balsam. 

The  epithelium  of  the  duct  continuous  with  that  of  the  outer 
root-sheath. 

8.  Sebaceous  Glands. — (a.)  Harden  the  alse  of  the  nose  of  a 
new-born  child  in  corrosive  sublimate.  (6.)  Or  the  ala  of  nose  or 
adult  scrotum  in  picro-sulphuric  acid  (2-3  hours).  Stain  all 
with  hsematoxylin.  Large  sebaceous  glands  opening  free  on  the 
surface  without  any  hair-follicle  are  found.  In  other  situations 
they  opeir  into  the  neck  of  a  hair  follicle.  They  are  saccular 
glands  with  oval  alveoli,  which  lead  into  a  short  duct.  The  alveoli 
are  lined  by  a  layer  of  polyhedral  cells,  and  internal  to  this  are 
larger  cells  containing  fatty  matter.  '  The '  sebaceous  secretion  is 
formed  by  these  cells  undergoing  disintegration,  and  liberating  the 
fatty  matter  they  have  formed.  They  are  developed  from  the  outer 
root-sheath.  In  balsam  they  are  clear,  but  in  water  they  appear 
dark  and  granular. 

9.  Human  Hair  (H). — Place  it  in  water,  cover,  and  examine. 
A  rod-shaped  body  covered  by  a  single  layer  of  thin,  non-nucleated 
transparent  imbricate  scales  arranged  transversely — cuticle.  In 
some  hairs  it  is  seen  merely  as  fine,  more  or  less  transverse, 
irregular,  or  wavy  lines  joining  each  other.  These  indicate  where 
the  one  cell  overlaps  the  other.  The  substance  or  cortex  of  the 
hair,  composed  of  horny,  fibrous  substance — hair  fibres — finely 
striated  longitudinally,  with,  in  some  hairs,  line  pigment-granules 
scattered  along  -the  course  of  the  hair  between  the  hair-fibres.  In 
some  hairs  a  darker  central  core  or  medidla  composed  of  polyhedral 
cells. 
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10.  Elements  of  a  Hair(H). — Place  a  small  piece  of  a  hair  in 
a  drop  of  strong  sulphuric  acid.  Cover  and  press  lightly  with  a 
needle.  Be  careful  to  avoid  letting  a  drop  of  the  acid  fall  on  the 
brasswork  of  the  microscope.  The  hair  splits  up  longitudinally 
into  what  look  like  fibres,  but  by  gentle  tapping  on  the  cover  they 
split  into  cells,  so  that  a  hair  is  composed  of  epithelial  cells  joined 
together,  having  previously  undergone  conversion  into  keratin. 

11.  Eabbit's  Hair  (H). — Mount  in  balsam.  This  hair  contains 
one  or  more  rows  of  cubical  cavities  containing  air.  The  cavities 
appear  black,  and  are  surrounded  by  a  small  quantity  of  cortex. 

12.  Wool  (Lesson  I.  10). 


Fig.  310.— T.S.  Due-half  of  a  Hail-  iu  its 
Follicle  ;  a.  Outer,  c.  Inner  fibrous 
sheath  ;  h.  Blood-vessels ;  d.  Hya- 
line layer ;  e.  Outer,  /,  g.  Inner 
root-sheath  (/.  Henle's  layer,  g. 
Huxley's  layer) ;  A.  Cuticle ;  I. 
Hau'. 


Fig.  311.— V.S.  Injected  Skiu,  Palmar 
Surface  of  Finger. 


Blood-Vessels  of  the  Skin. — V.S.  of  a  piece  of  skin  cut  from  a 
limb  injected  with  a  gelatine  mass.  They  must  not  be  too  thin. 
After  injection  the  skin  is  hardened  in  Miiller's  fluid  and  afterwards 
in  alcohol  (three  Aveeks).  Mount  (balsam)  a  section  of  the  palmar 
surface  of  a  finger,  and  one  from  the  general  surface  of  the  body. 

A  good  injection-mass  is  a  watery  solution  of  china-ink.  ^  It  is 
rubbed  down  on  a  hone  until  a  moderately  thick  black  solution  is 
obtained,  so  that  when  a  drop  is  placed'  on  blotting-paper  it  holds 
together,  and  no  grey  ring  is  formed  round  the  drop.    It  has  this 
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advantage,  that  it  is  not  changed  by  exposure  to  light,  but  the 
tissue  must  be  hardened  before  sections  are  cut. 

13.  V.S.  Injected  Skin,  e.g.,  Palm. — The  section  should  be  cut 
in  paraffin,  and  include  the  subcutaneous  tissue  (fig.  311). 

{a.)  (L)  The  arteries  of  the  skin  are  branches  of  the  larger 
arteries  in  the  subcutaneous  tissue.  A  branch  may  be  seen  running 
towards  the  surface.  In  its  course  it  gives  oif  three  independent 
sets  of  branches,  which  end  in  capillaries  : — 

(i.)  The  lowest  to  the  groups  of  f tit-cells,  where  it  forms  a  net- 
work of  capillaries  around  and  between  the  fat-cells. 

(ii.)  The  short  branch  to  the  coil  of  a  sweat-gland,  forming  a  rich 
network  of  capillaries  between  the  coils  of  the  tube. 

(iii.)  The  highest  is  from  the  terminal  branches  of  the  artery, 
and  splits  up  into  capillaries,  which  form  a  network  chiefly  in  the 
upper  part  of  the  corium,  and  from  this  branches  pass  which  form 
capillary  loops  in  the  papillae  of  the  skin.  From  it  also  proceed 
branches  to  the  hair-foUicle  and  its  sebaceous  gland. 

(&.)  The  vein  arises  from  the  capillaries  of  the  papillae  and  the 
branches  of  the  arteries  to  the  upper  part  of  the  cutis,  and  in  its 
course — nmning  near  the  corresponding  artery — it  collects  the 
veinlets  from  the  coiL  and  masses  of  fat.  For  blood-vessels  of  skin 
see  W.  Spatleholz.i  . 

14.  Under-Smface  of  Epidermis.— Separate  by  one  of  the  follow- 
ing methods  the  epidermis  from  the  cutis,  most  easily  done  in  the 
foetus : — {a.)  Use  a  foetus  that  has  died  and  been  macerated  in  utero. 

(6.)  Place  pieces  of  skin  in  per  cent,  acetic  acid  (1-3  days), 
adding  a  drop  or  two  of  chloroform  to  prevent  putrefaction 
{PMUppson). 

(c.)  Macerate  at  40°  C. — preferably  foetal  or  young— skin  pinned 
out  on  cork  in  6  per  cent,  (or  weaker)  wood  vinegar  for  1-2  days. 
The  epidermis  separates  rapidly  {Loetvy).^ 

After  the  epidermis  peels  off,  in  all  cases  turn  its  deeper  surface 
upwards,  and  stain  it  for  3-4  minutes  with  a  watery  solution  of 
Boehmer's  logwood  (p.  68).  Wash  and  mount  in  balsam,  pre- 
ferably without  a  cover-glass. 

(L.)  Observe  a  system  of  septa  crossing  each  other,  and  forming 
longitudinal  and  transverse  ridges,  which  project  into  the  cutis. 
They  form,  as  it  were,  the  negative  picture;  the  papillje  of  the 
cutis  vera  represent  the  positive  image.  Part  of  the  cells  lining 
the  sweat-glands  and  hair-follicles  may  also  be  pulled  out,  and  are 
turned  toward  the  observer.  Figures  of  the  arrangement  of  these 
septa  are  given  in  the  papers  of  Blaschko  and  Loewy  (pp.  316,  325). 

Archivf.  Anat.  v.  Phys.,  Anat.  Abth.,  1893. 
-  Archivf.  mik.  Anat,  xxxvii.  p.  159,  1891. 
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THE  NAILS. 

The  body  of  the  nail  rests  on  the  nail-bed,  the  root  of  the  nail 
on  the  matrix,  and  the  part  at  the  root  and  sides  from  which  the 
nail  springs  is  the  nail-groove.  The  hody  of  the  nail  is  made  up  of 
numerous  clear  horny  cells,  each  containing  a  rod-shaped  nucleus. 
The  nails  are  really  the  stratum  lucidum,  the  stratum  corneum 
being  absent,  and  this  rests  on  the  Malpighian  layer  like  that  of 

the  epidermis.  The 
S  ^  ^  corium  or  nail-bed,  on 
which  the  nail  rests, 
is  beset  Avith  very 
vascular  longitudinal 
ridges,  papillse  being 
absent. 

Harden  the  nail  of 
a  child  and  its  sub- 
jacent bed  in  alcohol. 
Make  T.  and  L.  sec- 
tions. Stain  in  hse- 
matoxylin  (balsam)  or 
picro  -  carmine  (Far- 
rant's  solution). 

15.  T.S.  NaU  (L 
and  H). — Observe  the 
substance  of  the  nail 
(fig.  312),  and  under  it  a  series  of  transverse  sections  of  the  ridges 
of  *the  corium  of  the  nail-bed  projecting  into  the  epidermis.  Under 
this  the  dense  fibrous  matrix. 

16.  L.S.  Nail. — Observe  the  same  general  arrangement,  but  note 
that  no  papilla-Hke  sections  of  ridges  are  to  be  seen. 


^"16.  312.— T.S.  Through  Half  the  Sail,  Injected,  a.  Nail 
substance ;  b.  More  open  layer  of  cells  ;  c.  Stratum 
Malpighii ;  d.  Transverse  sections  of  ridges ;  e.  Nail- 
gi-oove  ;  /.  Homy  layer  of  e  projecting  over  the  nail ; 
g.  Papillaj  of  skin. 


ADDITIONAL  EXERCISES. 

17,  Elastic  Fibres  in  the  Skin.— (i.)  These  resist  gastric  digestion ;  hence, 
add  some  pepsin  to  .2  per  cent,  of  hydrochloric  acid.    If  small  pieces  of  skin 
be  partially  digested  in  artificial  gastric  juice  at  40°  C. ,  part  of  the  connective 
tissue  is  dissolved  and  the  elastic  networks  remain, 
(ii.)  Herxheimer's  Method. 

(1.)  Harden  in  Miiller's  fluid. 
(2.)  Stain  3-5  minutes  in 

HEematoxylin  .  .  .  i  gram. 

Absolute  alcohol      .  •        20  cc. 

Water.        .  .  •  .•       20  ,, 

Sat.  sol.  lithic  carb.  .  .          ••        i  •> 
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(3.)  Extract  (5-15  sees.)  with  official  perchloride  of  iron  solution. 

(4. )  Wash  in  water. 

(5.)  Alcohol,  oil,  balsam. 

The  elastic  fibres  are  bluish-black  or  black,  and  the  surrounding  tissue  light 
blue.  What  Hersheimer  described  as  "spirals"  in  the  lower  layer  of  the 
epidei-mis  are  spiral  fibrils  proceeding  from  the  lowest  layer  of  the  cells  ot  the 
epidermis,  as  shown  by  Kronmayer  (p.  327). 

(iii.-)  Unna's  Method.— Place  sectious.of  the  skm  for  12-24  horns  in  the 
following  mixture : — 

Orcein         .  .  .  •       o-5  gi'^m- 

Absolute  alcohol       .  ...       4°  cc. 

Water  .  .  •  .       20  , 

Hydrochloric  acid     .  .  .20  drops. 

The  sections  are  afterwards  decolorised  in  very  dilute  HCl  containing  some 
alcohol.  A  full  account  of  the  arrangement  of  the  elastic  fibres  is  given  by 
Lenthoefer.i 

18.  Sweat-Glands  of  Axilla.— Make  V.S.  of  the  skin  of  the  axilla  hardened 
in  alcohol.  Stain  in  haematoxylin,  or  stain  in  bulk  and  cut  in  parafiin.  The 
sweat-glands,  and  particularly  the  coils,  are  very  large.  In  these  glands  it  is 
easy  to  see  the  smooth  muscular  fibres  outside  the  lining 
epithelium  of  the  secretory  part  of  the  coil  (fig.  313). 

19.  Development  of  Hairs. — Make  V.S.  of  the  skin  of 
a  fcetus  at  the  fourth  to  the  fifth  month,  after  being 
hardened  in  Miiller's  fluid  (12-15  days)  and  then  in 
alcohol.  Stain  a  small  piece  ' '  in  bulk  "  in  borax-car- 
mine, and  cut  in  paraffin.  The  sections  may  also  be 
stained  subsequently  with  methyl-gi'een.  Mount  in 
balsam. 

20.  Double-Staining  of  Hair-roUicles. — (a.)  Make  "V.  Fig.  313.— T.S.  Secre- 
and  T.  sections,  and  stain  some  with  eosin  and  hajmato-  Gland 'S' Axilfr^'^a 
xylin,  and  others  first  with  picro-carmine  (12  hours)  a.nd  Kuclel°of  "smootli 
then  with  methyl-green  iodide.    The  latter  preparation  muscle. 

is  specially  beautiful,  and  both  T.S.  and  L.S.  should  be 

stained  by  this  method.    The  scalp  is  best  hardened  in  potassic  bichromate. 

Harden  other  pieces  in  alcohol.    Methyl-green  stains  the  inner  root-sheath 

green. 

(6.)  Stain  with  aniline-blue  and  safranin.  Henle's  sheath  is  rosy,  Huxley's 
blue. 

(c.)  Or  stain  in  safranin  in  a  weak  alcoholic  solution  of  picric  acid. 

21.  Tactile  Hairs. — Harden  the  skin  containing  the  large  tactile  hairs  of 
a  rabbit  or  cat  in  alcohol  or  Miiller's  fluid.  Make  T.S.  and  L.S.  Outside  the 
sheaths  of  the  hair-follicle,  already  described,  there  is  a  large  blood-space 
traversed  by  trabecule,  and  thus  presenting  the  characters  of  cavernous 
tissue. 

22.  Nail  (double-stained). — Picro-carmine  and  methyl-green. 

23.  Blood-Pigment  in  Hair  (H). — Examine  in  normal  saline  one  of  the 
large  "  feelers"  from  the  lip  of  an  albino  rabbit  {S.  Mayer).  At  some  part  of 
the  hair  in  its  centre  a  red  pigment — hfemoglobin — may  be  seen. 

24.  Fibrillation  of  Protoplasm  of  Epithelial  Cells  {Kronmayer).-  By  means 
of  Weigert's  fibrin-staining  method  (Lesson  III.  20)  Kronmayer  has  demon- 

1  Topographie  d.  Elastischen  Ocwcbe,  Leipzig,  1892. 

-  "Die  Protoplasmafaserung  d.  Epithelzelle,"  ArcJdv  f.  mik,  Anat.,  xxxix. 
p.  141,  1892. 
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sti-ated  tlic  passage  of  the  fibrils  of  one  epithelial  cell  into  adjacent  epithelial 
cells,  thus  giving  rise  in  the  intercellular  spaces  to  the  appearances  known  as 
"intercellular  bridges  "  (p.  128).  The  fresh  skin  of  the  sole  of  the  foot  or 
palm  of  the  hand  is  hardened  in  absolute  alcohol.  Failing  this,  use  part  of  an 
epithelioma.  It  may  be  stained  with  alum-carmine  or  borax-carmine,  and  then 
embedded  and  cut  in  paraffin.  The  sections  must  be  very  thin  (at  least  0.005 
mm.),  and  in  order  to  obtain  these  the  knife  must  be  placed  obliquely  and  the 
sections  cut  from  the  epithelial  surface  towards  the  cutis  vera. 

The  sections  are  placed  in  a  watch-glass  and  xylol  added  to  dissolve  the 
paraffin.  Add  fresh  xylol,  pour  it  off,  and  then  slowly  add  absolute  alcohol. 
Gradually  add  water  until  the  sections  float  flat  on  the  surface.  They  are  then 
carefully  transfen-ed  to  a  slide,  and  by  the  aid  of  a  pad  of  filter-paper  gently 
fixed  on  the  same.    The  sections  so  fixed  are  stained  on  the  slide. 

The  best  staining  reagent  is  methyl-violet-6B,  prepared  as  follows  :— Mix 
equal  parts  of  aniline-water  "and  a  saturated  watery  solution  of  methyl-violet. 
Pour  a  few  drops  of  this  fluid  on  the  section  fixed  on  the  slide,  and  in  five 
minutes  lave  the  section  in  water. 

Decolorise  (few  seconds)  in  iodine  solution  (p.  93).  Wash  in  water.  Eemove 
the  water  by  pressing  blotting-paper  on  the  section,  and  then  flood  it  with 
aniline-xylol  (aniline  oil,  i  :  xylol,  2).  This  mixture  extracts  the  surplus 
dye  very  rapidly,  so  that  the  preparations  must  remain  but  a  few  seconds 
therein. 

The  march  of  events,  supposing  one  wishes  to  stain  the  cell  nuclei  before 
staining  the  protoplasm  fibrils,  is  as  follows — the  cells  being  previously 
hardened  : — 

(i.)  Alum-carmine.  (5.)  lodo-potassic-iodide  fluid, 

(2.)  "Wash    in    water    (HCl-alcohol,    (6.)  Wash  in  water. 

absolute  alcohol).  (7.)  Aniline-xylol. 

(3.)  Methyl-violet-aniline-water.  (8.)  Xylol-balsam.  ■ 

(4. )  Wash  in  water. 


LESSON  XXX. 

SPINAL  CORD. 

The  spinal  cord,  like  tlie  brain,  is  invested  by  three  membranes, 
named,  from  without  inwards,  dura,  arachnoid,  and  pia  mater. 
The  pia  mater  closely  invests  the  cord,  and  sends  processes  into  its 
substance  as  well  as  into  its  fissures.  The  cord  itself  is  composed 
of  white  matter  externally  and  grey  matter  internally.  Running 
along  the  cord  anteriorly  and  posteriorly  are  the  anterior  and 
posterior  median  fissures ;  the  former  is  the  wider,  the  latter 
rather  a  groove  than  a  fissure.  The  two  fissures  do  not  meet  in  the 
middle  line,  but  they  serve  to  divide  the  cord  incompletely  into  two 
lateral  halves,  which  are  united  across  the  middle  line  by  a  com- 
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uiissure,  composed  anteriorly  of  white  fibres  crossing  from  one  side 
of  the  cord  to  the  other— white  commissure ;  and  posteriorly  of 
grey  matter^ — posterior  commissure.  In  the  middle  of  the  latter 
is  the  minute  central  canal,  lined  by  columnar  ciliated  epithelium. 
In  each  half  of  the  cord  is  a  crescent-shaped  mass  of  grey  matter 
as  seen  in  transverse  section,  the  tw.o  masses  connected  across  the 
middle  line,  and  presenting  more  or  less  the  form  of  an  H,  with  the 
extremities  of  its  vertical  limbs  turned  outwards.  Its  extremities 
are  the  anterior  and  posterior  cornua.  The  anterior  cornua  are 
generally  wider  and  shorter  than  the  posterior,  which  are  narrow, 
and  come  nearer  the  surface  of  the  cord.  The  nerve-roots  arise 
from  the  cornua,  the  anterior  root  by  several  bundles  from  the 
anterior  cornu,  and  the  posterior  root  by  a  single  bundle  from  the 
posterior  one.  In  this  way,  and  by  the  existence  of  the  fissures, 
each  half  of  the  white  matter  of  the  cord  may  be  conveniently 
described  as  divided  into  an  anterior,  lateral,  and  posterior 
column,  or  more  correctly  into  an  antero-lateral  and  a  posterior. 
The  anterior  cornu  contains  numerous  large  multipolar  nerve-cells 
arranged  in  groups.  Each  cell  is  continuous,  through  its  axis- 
cylinder  process,  with  a  nerve-fibre.  The  arrangement  and  number 
of  cells,  however,  vary  in  different  parts  of  the  cord.  There  are  no 
large  nerve-cells— only  small  fusiform  ones  and  some  smaU  isolated 
or  "solitary"  cells — in  the  posterior  cornu,  which  is  capped  by  a 
peculiar  greyish  matter — the  substantia  gelatinosa  of  Rolando. 
The  white  matter  is  composed  of  meduUated  nerve-fibres — small 
and  large — arranged  for  the  most  part  longitudinally,  so  that  in  a 
transverse  section,  when  stained  with  carmine,  they  appear  like 
clear  riiigs  with  a  central,  red-stained  spot — the  axis-cylinder.  In 
Pal's  method  the  myelin  is  stained,  and  so  they  appear  as  blackish 
circles  with  a  clear  centre.  The  nerve-fibres,  and  grey  matter  as 
well,  are  supported  by  a  peculiar  sustentacular  tissue — neuroglia — 
composed  of  glia-cells  (p.  343),  and  both  are  supplied  by  blood- 
vessels, the  grey  matter,  however,  being  far  more  vascular  than  the 
white.  The  grey  matter,  besides  blood-vessels,  lymphatics,  glia-cells, 
nerve-cells,  and  their  numerous  processes,  also  contains  nerve-fibres. 

The  nerve-cells  vary  in  size,  shape,  and  other  characters  in  the 
different  parts  of  the  cord.  Golgi  speaks  of  two  types  of  nerve-cells 
in  the  spinal  cord.  . 

Type  I,  or  Motor  Type,  corresponding  to  the  multipolar  cells  of  the 
anterior  cornu.  In  these  one  process  retains  its  individuality,  and 
passes  directly  to  become  an  axis-cylinder  of  a  medullated  motor 
nerve-fibre  m  the  anterior  root.  This  axis-cylinder  process  gives  off 
a  few  secondary  lateral  processes  or  collaterals,  which  divide  and 
enter  mto  the  formation  of  the  nerve-complex  in  the  grey  matter 
The  protoplasmic  processes  subdivide,  and  also  form  part  of  the 
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same  grey  complex,  but  they  do' not  unite  witli  fibres  from  adjoining 
cells  or  with  nerve-fibres. 

Type  2,  or  Semory  Type.  Also  multipolar,  smaller  cells,  with  no 
axis-cylinder  process.  All  the  processes  subdivide  into  finer  pro- 
cesses, lose  their  individuality,  and  pass  in  toto  into  the  nervous 
complex,  or  diffuse  nervous  network  in  all  strata  of  the  grey  matter 
of  the  cord.  These  cells  are  therefore  connected  only  indirectly 
with  nerve-fibres,  i.e.,  through  the  intervention  of  the  grey  nervous 
network ;  and  it  is  only  in  this  indirect  way  that  they  come  into 
relation  with— contact,  not  actual  union  with— the  branches  of 
axis-cylinders  of  the  nerve-fibres  of  the  posterior  root. 

Arrangement  of  Nerve-Cells.— In  the  grey  matter  of  the  anterior 
cornu,  the  large  multipolar  nerve-cells— ceWs  of  the  anterior  cornu— 
are  arranged  in  groups  varying  in  different  parts  of  the  cord.  Many 
of  their  axis-cylinder  processes  pass  out  as  axis-cylinders  into  the 
nerves  of  the  anterior  root  on  the  same  side  of  the  cord.  These 
ceUs  are  in  relation  with  the  fibriUar  nerve-endings  of  the  fibres  of 
the  pyramidal  tracts,  and  also  with  the  coUateral  fibres  of  the  pos- 
terior root-fibres.  In  the  upper  dorsal  and  lower  cervical  regions 
is  a  group  of  uQvv&-CQ\ls—intermedio-lateral  tract— l^mg  weU  for- 
ward in  a  projecting  part  of  the  grey  matter  known  as  the  lateral 
cornu  (fi^  317,  Til).  In  the  middle  of  the  crescent  is  the  middle 
cell  qrouv.  At  the  base  of  the  posterior  cornu,  on  its  inner  aspect, 
is  a  c^roup  of  large  ceUs— best  marked  in  the  thoracic  region— 
Clarke's  cohmn  (figs.  318,  319,  CGl).  The  axis-cylinder  pro- 
cesses of  the  ceUs  of  Clarke's  column  pass  into  and  become  the 
nerve-fibres  of  the  direct  cerebeUar  tract  (p.  331)-  The  ceUs  of  the 
posterior  cornu  are  small,  and  for  the  most  part  isolated. 

Diffuse  Nervous  Grey  Network.— The  network  or  complex  ot 
nervous  fibrils  in  the  grey  matter  of  the  cord  is  formed  by— (i.) 
the  fibres  and  their  branches  of  the  2nd  type  of  nerve-cells  (p.  33°)  > 
(2.)  the  fibrils  and  prolongations  of  the  protoplasmic  fibres  oi  the 
ist  type  :  (3.)  the  lateral  branches  of  the  axis-cylmder  processes  of 
the  ist  type  ;  (4.)  the  fibrils  produced  by  the  terminal  arborisations  oi 
the  axis-cylinders  entering  the  cord  by  the  posterior  roots. 

Thus  it  is  evident  that  some  nerve-fibres  spring  from  the  cord 
directly  from  nerve-cells,  and  others  indirectly  from  the  nervous 
complex  in  the  grey  matter.  Thus  they  are  different,  both  morpho- 
logicaUy  and  physiologically.  ,    „   ,     j.  1     i  + 

Bv  several  lines  of  research-including  the  facts  of  development 
experimental  and  pathological  evidence— the  anatomical  columns  ot 
tS  cor^  can  be  shown  to  be  further  subdivided  By  these  methods 
it  is  found  that  the  posterior  column  consists  of  a  narrower  internal 
part  the  postero-hiteriial  or  postero-mesial  column  or  fiimcMu^ 
^kus  ov  column  of  Goll,  and  an  outer,  postero-lateral  tract  or 
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funicuhis  mneatus,  or  column  of  Burdach.  In  the  upper  part  of  the 
'cord  these  two  tracts  are  mapped  off  from  each  other  by  a  septum 
of  connective  tissue  (fig.  317)- 

The  postero-internal  trad  is  composed  chiefly  of  rather  small  fibres, 
derived  from  the  fibres  of  the  posterior  roots  and  fibre  of  the  pos- 
tero-lateral  column.  They  end  above  in  grey  matter  in  the  nucleus 
gracilis  of  the  bulb. 

The  postero-lateral  trad  is  chiefly  composed  of  nerve-fibres  of  the 
posterior  roots  which  run  in  it  a  certain  distance  before  they  pass 
into  the  grey  matter  and  Goll's  column.  They  end  in  grey  matter 
in  the  cord  and  in  the  nucleus  cuneatus  of  the  bulb. 

In  the  postero-lateral  column  is  a  smaU  zone  which  undergoes 
descending  degeneration,  but  only  for  a  short  distance,  after  section 
of  the  cord — the  so-caUed  comma  trad, 

Lissauer's  Tract,  or  "  marginal  hundle"  lies  near  the  entrance  of 
the  posterior  roots,  either  in  the  lateral  column  or  postero-external 
column.  It  is  derived  directly  from  the  fibres  of  the  posterior  roots. 
It  undergoes  ascending  degeneration. 

The  antero-lateral  colimui  contains  a  large  tract — the  crossed 
pyramidal  tract — which  lies  external  to  the  posterior  half  of  the 
grey  matter,  and  in  the  greater  part  of  its  course  is  separated  from 
the  surface  of  the  cord  by  the  direct  cerebellar  tract.  It  consists 
of  fibres  descending  from  the  central  areas  (motorj  of  the  cerebral 
cortex,  which  have  crossed  at  the  decussation  of  the  pyramids  m 
the  bulb.  It  consists  of  moderately  large  and  some  small  fibres. 
Its  fibres  end  by  breaking  up  into  fibrils,  which  form  arborisations 
around  the  nerve-ceUs  in  the  anterior  cornu.  It  gradually 
diminishes  in  size  as  it  passes  down  the  cord,  and  can  be  traced  as 
far  as  the  origin  of  the  3rd  or  4th  sacral  nerve,  where  it  reaches  the 
surface. 

The  direct  pyramidal  tract  or  column  of  Tiirclt  boimds  the 
anterior  median  fissure,  and  consists  of  fibres  coming  from  the 
motor  areas  of  the  cerebral  cortex,  which  do  not  cross  at  the  bulb. 
This  tract  gets  smaller,  and  gradually  disappears  about  the  mid- 
dorsal  region.  Its  fibres  perhaps  cross  in  the  cord.  These  two  are 
descending  tracts. 

Beginning  at  the  lower  dorsal  region,  and  increasing  in  size  as  it 
passes  upwards,  is  a  tract  lying  external  to  the  crossed  pyramidal 
tract — the  direct  cerebellar  or  dorso-lateral  trad — winch  con- 
sists of  large  fibres  derived  from  the  cells  of  Clarke's  column, 
which  pass  up  to  the  cerebellum,  and  enter  it  on  the  same  side  by 
its  inferior  peduncle  or  restiform  body.  Near  the  surface  of  the 
cord,  and  lying  more  anteriorly,  is  a  tract  which  extends  ventrally 
into  the  anterior  column — the  antero-lateral  descending  tract  of 
Goivers.    Sometimes  the  term  ventro-lateral  is  applied  instead  of 
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antero-lateral.  It  enters  the  cerebellum  by  the  superior  cerebellar 
peduncle. 

In  the  dog,  as  a  result  of  excision  of  one-half  of  the  cerebellum, 
a  circumferential  tract,  occupying  three-fourths  of  the  surface  of  the 
antero-lateral  tract — the  antero-lateral  descending  cerebellar  tract — 
has  been  mapped  out.  The  remainder  of  the  antero-lateral  column 
is  spoken  of  as  the  antero-lateral  ground  bundle. 

As  regards  the  results  of  degeneration  following  section  or  lesion 
of  the  cord,  those  parts  that  undergo  degeneration  above  the  lesion 
are  caUed  "ascending  tracts";  and  "descending  tracts,"  are  those 
nerve-fibres  that  degenerate  below  the  lesion  or  seat  of  section. 
The  parts  which  may  undergo  these  respective  degenerations  are  : — 

{Direct  pyramidal  tract. 
Crossed  pyramidal  tract. 
Autero-lateral  descending  cerebellar  tract  (limited). 
Comma  tract, 
r  Goll's  column. 
Ascending        J  Direct  cerebellar  tract. 
degeneration.  ]  Tract  of  Gowers. 

(.Tract  of  Lissauer. 

It  will  thus  be  seen  that  in  the  antero-lateral  columns  there  are 
some  nerve-fibres  which  do  not  undergo  degeneration. 

Course  of  Fibres  of  Nerve-Eoots. — The  fibres  of  the  anterior 
roots  arise  in  several  bundles  from  the  axis-cylinder  processes  of  the 
multipolar  nerve-cells  in  the  anterior  cornu. 

The  fibres  of  the  posterior  roots  enter  the  cord  by  a  single  bundle, 
but  each  one  is  an  axial  cylinder  process  of  a  nerve-cell  in  the 
corresponding  spinal  ganglion.  They  pass  into  the  postero-lateral 
column,  some  pass  into  the  posterior  cornu,  and  a  few  small  fibres 
form  the  marginal  bundle  (p.  331).  Many  fibres  pass  up  in  Goll',s 
column,  and  the  postero-external  tract  to  end  in  terminal  arborisa- 
tions of  fibrils  around  nerve-cells  in  the  bulb,  the  fibres  of  GoU's 
column  in  arborisations  around  the  cells  of  the  nucleus  gracilis,  and 
those  of  the  postero-external  tract  in  the  nucleus  cuneatus.  After 
entering  the  cord,  the  fibres  in  the  posterior  columns  bifurcate,  one 
branch  passes  upwards  and  one  downwards  (fig.  322).  Collateral 
fibres  are  given  ofi"  from  the  original  fibre,  and  also  from  its 
branches,  which  enter  the  grey  matter  and  end  by  terminal  arbori- 
sations of  fine  fibrils  which  come  into  relation— but  not  direct  union 
—with  the  nerve-cells  of  the  grey  matter,  notably  with  the  cells 
of  Clarke's  column. 

THE  SPINAL  COED. 

It  is  convenient  to  begin  with  the  cord  of  a  small  animal,  e.g.,  a 
cat  or  dog,  but  the  student  must  also  be  provided  with  sections  of 
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the  liuman  cord.  The  same  methods  are  applicable  to  both. 
Remove  the  whole  length  of  the  spinal  cord  from  a  cat,  taking  care 
not  to  squeeze  or  crush  it  in  the  process.  Make  transverse  cuts 
into  it  about  f  of  an  inch  apart,  and  suspend  it  in  a  tall  vessel  in  a 
large  quantity  of  Miiller's  fluid,  or  2  per  cent,  ammonium  or' 
potassium  bichromate.  Keep  it  in  a  cool  place  in  the  dark. 
Bichromate  of  ammonium  hardens  the  cord  very  slowly  indeed. 
In  fact,  to  get  a  properly  hardened  cord  months  are  required.  To 
test  if  the  cord  is  properly  hardened,  cut  a  section  of  the  cord  taken 
from  the  ammonium  bichromate  fluid,  place  it  in  water,  and  if  it 
curls  up,  it  is  not  properly  hardened.  It  ought  to  remain  flat. 
The  process  may  be  expedited  by  hardening  first  for  4  or  5  weeks 
in  the  bichromate,  and  comijleting  the  hardening  for  2-3  weeks  in 
4  per  cent,  chromic  acid.  Change  the  hardening  fluid  on  the 
second  day,  and  repeatedly  thereafter.  After  4-5  weeks,  when  it 
becomes  tough,  wash  it,  and  harden  in  the  various  strengths  of 
.alcohol,  beginning  with  50  per  cent.  If,  however,  the  spinal  cord 
is  to  be  used  for  Weigert's  haematoxylin  stain,  it  must  not  be 
washed  in  water,  but  placed  in  alcohol  direct  from  the  Miiller's 
fluid  or  potassic  bichromate. 

T.S.  are  made  from  the  cervical,  dorsal,  and  lumbar-  regions. 
They  may  be  made  by  means  of  the  freezing  microtome,  the  cord 
having  been  previously  saturated  in  the  sugar  and  gum  mixture  ; 
or  smaU  pieces  of  the  cord  may  be  stained  in  borax-carmine 
(i  week),  and  then  cut  in  paraffin.  Or  they  may  be  embedded  and 
cut  in  ceUoidin,  and  afterwards  stained  (p.  60).  The  paraflin 
sections  are  fixed  to  a  slide  by  a  "fixative,"  the  paraffin  removed 
by  turpentine  or  xylol,  the  sections  clarified  by  clove-oil,  and 
mounted  in  balsam.  Sections,  if  made  by  freezing,  may  be  stained 
with  carmine,  hsematoxylin,  aniline-blue-black,  safranin,  methylene- 
blue,  or  by  other  methods. 

1.  T.S.  Spinal  Cord  of  Cat  (L)  and  (H).— Speaking  broadly, 
the  same  general  arrangement  obtains  as  in  fig.  314.  Suppose  it  to 
be  the  dorsal  region,  and  the  cord  to  be  stained  in  carmine  and 
mounted  in  balsam,  observe  : — 

{a.)  (L)  The  nearly  circular  outline  of  the  section,  covered 
externally  by  the  pia  mater,  composed  of  two  layers.  From  its 
under  surface  septa  run  into  the  white  matter  of  the  cord,  and  some 
of  them  carry  blood-vessels,  and  processes  pass  into  the  fissures  of 
the  cord. 

{b.)  The  anterior  and  posterior  median  fissures.  The 
anterior  fissiire  is  wider  and  better  marked.  In  it  run  both 
layers  of  the  pia  mater.  The  posterior  fissure  appears  as  a 
septum  due  to  the  prolongation  of  the  inner  layer  of  the  pia  mater 
into  it,  the  outer  layer  of  the  pia  runs  over  the  fissure.  The 
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cord  is  thus  almost  completely  divided  into  two  symmetrical  halves 

(fig-  314)-  .  .      ^  ^ 

(c.)  If  the  section  is  made  at  the  level  of  the  origin  of  the 

nerve-roots,  these  may  be  seen.    The  mode  of  origin  of  some  of  the 

fibres  of  these  roots  can  always  be  seen.    The  anterior  root  passes 


FlQ.  314.— T.S.  Lowei- 
columns  ;  A.M.F., 

cells  of  the  anteriui  num,  u,.  i^^ovv-i.^^     —  ,  ~  ■    "  wi-,Uo 

canal;/.  Veins;  g.  Origin  of  anterior  nerve-root;  h.  Posterior  nerve-ioot;  i.  Wlute, 
andj.  Grey  commissures;  I.  Keticiilar  formation. 

out  of  the  cord  in  several  bundles,  while  the  posterior  root  enters 
the  cord  in  one  compact  bundle. 

{d.)  The  white  matter  externally,  and  the  grey  matter  mternally, 
the  latter  deeply  stained.  The  origin  of  the  nerve-roots  dividing 
the  white  matter  into  the  anterior,  lateral,  and  posterior  columns, 
but  owing  .to  the  anterior  root  leaving  the  cord  in  several  bundles, 
there  is  not  an  exact  anatomical  limitation  of  the  anterior  from  the 
lateral  column.  .  .  , 

(e.)  The  grey  matter,  deeply  stained— a  crescentic  mass  in  eacii 
half'  of  the  cord,  with  a  broader  anterior  cornu,  with  numerous 
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larffe  multipolar  nerve-ceUs,  arranged  in  groups— which  does  not 
reach  the  surface  of  the  cord,  and  a  posterior  comz^-with  a  few 
smaU  nerve-cells— which  comes  to  the  surface,  and  is  prolonged  into 
'  root.  At  the.  hinder  part  of  the  posterior  cornu,  an  oval, 


the  posterior  _  . 

deeply  stained  part,  the  suhstantia  gelatinosa^ 
the  two  cornua.  There  is  also  a 
group  of  nerve-cells  placed  laterally 
in  the  grey  matter,  the  vesicular 
column  of  Clarke  (fig.  318).  In 
the  anterior  horn,  note  especially 
the  entrance  of  the  fibres  of  the 
anterior  nerve-root  and  the  large 
multipolar  nerve-cells  (fig.  315)- 

(/.)  Connecting  the  two  halves 
of  the  cord,  the  anterior  and 
posterior  commissures,  running 
between  the  grey  matter  of 
opposite  sides,  and  in  the  middle 
between  them  the  central  canal, 
which  is  surrounded  externally 
by   a   deeper   stained    layer  of 


A  neck  connecting 


neuroglia. 


Fig.  315. — Entrance  of  Anterior  Eoot  into 
the  Anterior  Cornu  of  Lumbar  Region. 
I.  Part  of  anterior  wliite  column  ;  2. 
Anterior  grey  matter  wltli  four  multi- 
polar cells ;  (I,  a'.  Two  rootlets,  x  30. 


{g.)  In  front  of   the  anterior 
grey  commissure  is  the  anterior 
white  commissure,  with  large  meduUated  fibres  crossing  each  other 
at  an  angle. 

(/i.)  (H)  The  pia  mater  surrounding  the  white  matter.  The  cut 
ends  of  the  meduUated  nerve-fibres  of  various  sizes.  In  the  centre 
of  each  circular  area  the  stained 


axis-cylinder,  surrounded  by  a 
concentric  clear  area — the  white 
substance  of  Schwann  (fig.  316). 
In  a  preparation  hardened  in 
chromic  acid  not  infrequently  a 
number  of  concentric  lines  are 
seen  in  the  myelin.  Between 
the  fibres  here  and  there  the 
neuroglia,  composed  of  gUa  cells. 
On  the  surface  of  the  cord  there 
is  a  thin  layer,  in  which  the  fibrils 
of  the  neuroglia  can  readily  be  seen 

tions,  as  fine  septa,  of  the  deeper  part  of  the  pia  into  the 
substance  of  the  cord.  The  larger  septa  carry  blood-vessels. 
The  nerve-fibres  of  the  antero-lateral  columns  are  generally 
larger,  i.e.,  broader,  than  those  of  the  posterior  column,  while  those 


Fig.  316.— T.S.  White  Matter  of  Cord. 
a.  Peripheral  layer ;  h.  Septum  ;  c. 
Branched  glia-oell ;  the  remaiuder 
nerve-tlbres,  small  and  large,  x  150. 

Note  also  tlie  prolonga- 
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of  the  column  of  Goll  are  remarkable  for  their  small  size.  Measure 
the  sizes. 

(i.)  The  anterior  cornu,  with  large  multipolar  nerve-cells  arranged 


Fig.  317.— T.S.  of  Human  Spiual  Cord,  Level  of 
Sixth  Cervical  Nerve.  Prin.  Middle  cervical 
process  of  the  anterior  cornu ;  Til.  Lateral 
horn. 


Fig.  318.— At  the  Level  of  the 
Third  Dorsal  Nerve. 


in  groups,  chiefly  in  the  anterior  and  lateral  parts  of  the  cornu. 
Each  cell  has  numerous  processes,  a  spherical  well-defined  nucleus 
with  a  membrane  and  a  nncleolus  (fig.  202).    Owing  to  the  method 


Fig.  319. — At  the  Twelfth 
Dorsal  Nerve.  CCZ.  Clarke's 
column. 


Fig.  320.— Level  of  Fifth  Lumbar 
Nerve,  m.  Median  group  of 
nerve-cells  of  auterior-cornu ; 
Iv,  Id,  aud  c.  Latero-ventral, 
iatero-dorsal,  and  central  groups 
of  cells,  X  5. 


of  hardening,  all  the  cells  are  somewhat  retracted,  each  cell  ap- 
parently lying  in  a  cavity. 

(/.)  Trace  medullated  nerve-fibres  across  the  white  commissure 
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from  the  grey  matter  of  one  side  to  the  white  matter  of  the  opposite 
side. 

(/.-.)  The  posterior  comu.  Note  the  absence  of  large  cells. 
Only  a  few  small  fusiform  nerve-cells  are  seen.  Some  of  the  fibres 
of  the  posterior  root  pass  into  the  posterior  cornu ;  some  pass 
directly  through  the  substantia  gelatinosa,  and  others  sweep  with  a 
curve  through  the  posterior  column  before  they  enter  the  grey 
matter.  The  grey  matter  generally  is  traversed  by  fine  fibrils,  and 
has  a  somewhat  finely  granular  appearance. 

(I.)  The  central  canal,  lined  by  a  single  layer  of  columnar 
ciliated  epitheUal  cells.  The  cilia  may  be  wantmg.  Near  it  sec- 
tions of  blood-vessels.  In  the  grey  matter  observe  the  plexus  of 
fine  fibrils  and  numerous  axis-cylinders.  (Multipolar  nerve-cells, 
Lesson  XYIII.  9.) 

2.  T.S.  Human  Spinal  Cord  in  several  Regions. — Stain  sec- 
tions with  carmine  or  lithium-carmine,  hsematoxylin,  or  aniline 
blue-black,  and  mount  in  balsam.  Mount  sections  from  the  cervical 
enlargement  (fifth  nerve)  and  lumbar  enlargement,  and  compare 
them  with  the  dorsal  section.  With  the  naked  eye  (and  L) 
observe : — 

(a.)  The  cervical  and  lumbar  sections  (figs.  317,  320)  are  not 
only  larger,  but  the  amount  of  grey  matter  is  greater  than  in  the 
dorsal  region.  Note  the  large  expanded  anterior  cornu  with 
numerous  nerve-cells.  In  the  lumbar  region  the  grey  matter  is 
large  in  amount,  the  white  matter  smallest.  The  white  matter  is 
more  abundant  in  the  dorsal  region  and  most  abundant  in  the 
cervical  region.  This  can,  to  a  certain  extent,  be  determined  by 
the  amount  of  white  matter  lying  between  the  grey  matter  and 
the  pia  mater.  There  is  a  gradual  transition  from  the  one  region 
of  the  cord  to  the  other. 

(6.)  In  the  cervical  region  note  a  thin  septum,  which  dips  into 
the  white  matter  and  divides  its  posterior  column  into  a  smaller 
internal  part— the  postero-internal  column  or  column  or  fasciculus 
of  Goll,  and  a  larger  external  or  lateral  part — the  postero-external 
column,  or  fasciculus  cuneatus.  The  grey  matter,  containing  some 
nerve-cells,  also  projects  into  the  white  matter  about  midway 
between  the  anterior  and  posterior  cornua,  forming  the  intermedio- 
lateral  tract. 

(c.)  In  the  dorsal  region,  observe  a  group  of  nerve-cells  at  the 
inner  part  of  the  neck  of  the  grey  matter.  It  lies  behind  the  plane 
of  the  central  G?insl— column  of  Clarke,  ox  posterior  vesicular  column 
(fig.  Z19,  COl). 

In  sections  of  the  cord  at  difi'erent  levels  it  is  important  to  note 
the  sectional  area  of  the  difl'orent  columns.  Thus,  GoU's  column  is 
largest  in  the  upper  cervical  region,  and  diminishes  from  above 
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downwards.  The  increase  or  decrease  in  the  sectional  area  of  some 
other  columns  can  only  be  made  out  by  a  study  of  degenerated  or 
developing  cords. 


3.  L.S.  of  Cord  (Antero-posterior  direction). — Stain  as  for 
T.S.    (L  and  H.) 


(a.)  Observe  the  longitudinally-arranged  nerve-fibres  in  the  white 
matter  of  the  anterior  and  posterior  columns.  In  the  anterior 
cornu  the  rows  of  multipolar  nerve-cells. 

(b.)  The  anterior  roots  passing  obliquely  through  the  anterior 
column. 

(c.)  The  posterior  cornu,  with  its  gelatinous  substance  and  nerve- 
fibres  passing  into  and  through  it. 

4.  Weigert's  Hsematoxylin  Method,  i — The  myelin  of  medul- 
lated  fibres  is  stained  of  a  deep  blue-black  tint,  while  degenerated 
parts  are  not  so  stained;  they  are  lighter  just  in  proportion  to 
the  disappearance  of  medullated  fibres.  The  spinal  cord,  or  the 
brain,  is  hardened  for  four  to  six  weeks  in  Miiller's  fluid,  and  the 
hardened  pieces  are  placed  direct  into  70  per  cent,  alcohol,  and 
must  not  be  washed  with  water.  Keep  in  the  dark.  Next  day 
add  90  per  cent,  alcohol,  and  harden  completely  in  95  per  cent,  or 
absolute  alcohol.  Instead  of  Miiller's  fluid,  Erlicki's  fluid  may  be 
used.  This  is  best  done  by  keeping  the  fluid  at  the  temperature 
of  the  body  in  a  warm  chamber,  when  the  hardening  process  is 
completed  in  a  few  days  ;  but  the  results  are  not  so  satisfactory  as 
in  the  case  of  a  cord  hardened  in  the  ordinary  way.  Small  pieces 
of  the  hardened  tissue  are  placed  in  a  half-saturated  solution  of 
neutral  acetate  of  copper  {i.e.,  a  saturated  solution  is  mixed  with 
its  own  volume  of  distilled  water),  where  they  remain  for  three  to 
five  days.  They  are  then  transferred  direct  to  90  per  cent,  alcohol, 
and  can  then  be  cut  in  alcohol,  or  the  pieces  can  be  embedded  in 
ceUoidin  and  then  cut  (p.  47). 

(A.)  The  sections  are  placed  for  two  or  three  hours  in  a  few  cc.  of 
"Weigert's  hrematoxylin,  in  which  they  become  black. 


Dissolve  the  hsematoxylin  in  the  absolute  alcohol,  add  the  water 
and  boil.    After  it  is  cool,  add  the  lithium  carbonate.    The  time 
which  the  sections  remain  in  this  fluid  depends  on  what  it  as 
1  Fortschrit.  d.  Med.,  1884  and  1885 ;  Zcits.  f.  wissoisdi.  Mik.,  1884  and 


Weigert's  Hsematoxylin. 


Hsematoxylin .  .  .  •  • 

Alcohol  absolute       .  .  •  • 

Cold  saturated  solution  of  lithium  carbonate 
Distilled  water  .  .  •  ■ 


I  gram. 
10  cc. 


90 


1885. 
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desired  to  show.  Two  hours  or  so  are  enough  for  the  cord,  but 
if  the  fine  plexuses  of  medullated  fibres— described  by  Exner — in 
the  cerebral  cortex  are  to  be  well  seen,  let  them  stain  for  twenty- 
four  hours.  After  they  are  sufficiently  stained,  throw  the  watch- 
glass  and  the  stained  sections  into  a  large  basin  of  distilled  water. 
Remove  the  sections  from  the  water  at  once,  and  place  them,  for 
about  half  an  hour  or  more,  in  the  following  mixture  : — 

Potassic  ferricyanide  .  .  .        2.5  grains. 

Borax         .  .  .  .  .  2 

Water        .  .  .  .  .        100  cc. 

This  fluid  decolorises  and  differentiates  the  black  sections.  The 
grey  matter  becomes  of  a  brown  or  light-yellow  tint,  and  should 
remain  so  while  the  white  matter  becomes  violet.  The  sections 
must  remain  in  the  decolorising  fluid  until  the  deep  blue  or  violet- 
coloured  medidlated  nerve-fibres  are  seen.  This  can  readily  be 
determined  after  a  httle  practice.  The  sections  are  then  washed 
in  water — in  which  they  can  be  kept  for  a  considerable  time — 
transferred  to  90  per  cent.,  and  finally  to  absolute  alcohol,  clari- 
fied by  xylol  or  origanum  oil,  and  mounted  in  xylol-balsam.  This 
method  stains  the  medulla  or  myehn  of  the  nerves — especially  of 
the  central  nervous  system — of  a  deep  blue  or  violet  tint,  while  the 
nerve-cells,  neuroglia,  and  axis-cylinders  are  not  stained.  The 
method,  however,  may  be  combined  with  staining  methods.  After 
the  organ  is  hardened  in  the  chromium  salt  and  alcohol,  small  pieces 
are  embedded  in  celloidin  and  cut  in  a  microtome.  The  sections 
are  placed  in  80  per  cent,  spirit — not  water.  The  celloidin  enables 
the  sections  to  be  readily  handled  and  transferred  to  a  slide.  They 
are  then  stained  in  the  special  hsematoxylin  fluid  already  described. 
If  a  series  of  sections  is  to  be  mounted  on  the  same  slide,  see  the 
method  described  at  p.  60.  The  sections  are  clarified  in  origanum 
oil  or  a  mixture  of  xylol  and  carbolic  acid  (p.  83).  Mounted  in 
balsam.    This  method  is  also  applicable  to  the  spinal  ganglia. 

(B.)  Freezing  Method.— The  piece  of  cord  or  bram,  after  harden- 
ing in  Miiller's  fluid,  is  placed  in  spirit  and  transferred  to  a  mixture 
of  equal  parts  of  absolute  alcohol  and  ether,  and  then  embedded  in 
celloidin.  The  embedded  tissue  is  placed  for  forty-eight  hours  in 
Erlicki's  fluid,  to  get  rid  of  the  spirit,  and  they  are  then  placed  in 
the  following  mixture,  and  kept  in  stoppered  bottles  in  a  warm 
chamber  at  38°  C.  for  two  or  three  days  : — 

Cupric  sulpliate .  .  ,  ,  .0.5  grara. 

Potassic  bichromate      .  .  .  .2.5  fi-ams. 

Mucilage  of  syrup  and  gum      .  .  ,    100  cc. 

Sections  are  cut  in  a  freezing  microtome  and  received  into  Erlicki's 
fluid,  washed  in  methylated  spirit,  stained  in  the  heematoxylin  fluid, 
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decolorised  by  the  ferricyanide  mixture,  clarified,  and  mounted  in 
balsam  {Hamilton). 

Stages  of  Weigert's  Method. 

(1.)  Harden  nervous  system  in  Miiller's  fluid. 

(2. )  Harden  in  alcohol  without  previous  washing  in  water. 

(3.  )  Embed  in  celloidin. 

(4. )  Place  celloidin  block  in  a  half-saturated  solution  of  copper  acetate 

(24-48  hours). 
(5.)  Alcohol,  70  per  cent.  (24  hours). 

(6.)  Cut  sections  and  stain  them  in  Weigert's  hfematoxylin  (24  hours). 
(7.)  Wash  in  water. 

(8.)  Partially  decolorise  in  ferricyanide  fluid  until  grey  matter  becomes 
yellow. 

(9.)  Wash  in  water,  dehydrate  in  absolute  alcohol,  clarify  in  xylol,  and 
mount  in  xylol-balsam. 

Pal's  method  is  referred  to  on  p.  343,  but  the  following  combina- 
tion of  the  Pal  and  Weigert  method  gives  good  results  : — 

5.  Modified  Weigert-Pal  Method. 

(i.)  Harden  in  Miiller's  fluid  and  then  in  alcohol,  without  wash- 
ing pieces  in  water, 
(ii.)  Embed  and  cut  sections  in  celloidin. 

(iii.)  Wash  in  water  and  transfer  to  Marchi's  fluid  (5-10  hours), 
(iv.)  Wash  and  transfer  for  10-16  hours  to 

Kultscliitzky's  Hsematoxylin. 

Hematoxylin     .  .  .  .         •       i  gi'am. 

Absolute  alcohol  .          .  .         -2-5  cc. 

Dissolve,  and  to  the  fluid  add 

Acetic  acid  (2  per  cent.)  .  .  •    100  cc. 

The  sections  become  black. 

(v.)  Bleaching  process — (a.)  Wash  in  water  and  bleach  for  5 
mins.  in  .2  per  cent,  permanganate  of  potash.  Wash 
again,  and  transfer  to 
(&.)  Pal's  solution  (p.  344),  in  which  they  are  rapidly  (5-10 
mins.)  bleached,  the  medullated  fibres  alone  remaining 
black. 

(vi.)  Wash  in  water,  dehydrate  in  alcohol,  balsam,  oil  (xylol), 
balsam  (Schafer). 

6.  Weigert-StainedCord.— (a.)  (Land  H)  Observe  the  meduUa 
of  the  medullated  nerves,  stained  purphsh.  There  are  so  many  fine 
medullated  nerve-fibres  revealed  in  the  grey  matter  that  it  is  impos- 
sible to  reproduce  their  complexity  in  a  woodcut.  The  nerve-cells 
are  not  specially  in  evidence,  although  they  can  be  stained  with 
picro-carmine. 
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Formerly  Weigert  used  acid-fuchsin  for  staining  the  medullated 
nerve-fibres  of  the  central  nervous  system,  hut  this  method  is  now 
given  up  in  favour  of  the  hfematoxylin  copper  method. 

7.  Neuroglia  (H). — Stain  in  safranin  (24  hours)  thin  sections  of 
the  white  matter  of  the  cord  hardened  in  Miiller's  fluid,  partially 
decolorise  in  absolute  alcohol,  and  mount  in  balsam. 

(a.)  Observe  the  branching  neuroglia-cells  between  the  white 
nerve-fibres  (fig.  316,  c).  The  connective-tissue  elements  have  a 
tint  more  towards  the  violet,  and  are  thus  difi'erentiated  from  the 
nervous  elements.  The  network  of  neuroglia-fibres  is  readily  seen 
near  the  surface  of  the  cord. 

8.  Blood- Vessels  of  the  Spinal  Cord. — Mount  a  transverse  sec- 
tion of  the  cord,  with  its  blood-vessels  injected.  Cut  the  cord  in 
paraffin.  The  sections  must  be  rather  thick  (L  and  H).  Inject  the 
animal,  e.g.,  cat  or  rabbit,  from  the  aorta  with  a  blue  or  red  mass. 
Harden  in  alcohol. 

(a.)  Observe  the  greater  vascularity  of  the  grey  matter  as  com- 
pared with  the  white.  A  blood-vessel  may  be  seen  running  into  the 
anterior  median  fissure,  and  at  the  bottom  of  it  dividing,  and  giving 
a  branch  to  each  mass  of  grey  matter. 

(i.)  The  dense  plexus  of  capillaries  in  the  grey  matter.  Branches 
of  blood-vessels  passing  into  the  cord  along  the  roots  of  the  nerves 
and  along  the  larger  septa,  which  pass  from  the  pia  mater  into  the 
cord. 

9.  Nerve-Fibres  of  the  Spinal  Cord  (H). — Crush  a  piece  of  the 
white  matter  of  the  cord,  either  fresh,  or  after  maceration  in  \  per 
cent,  bichromate  of  potash,  between  a  cover-glass  and  a  slide. 

(a.)  Observe  the  nerve-fibres,  many  of  them  with  lateral  bulgings, 
or  presenting  a  beaded  or  moniliform  appearance.  This  is  due  to 
the  fact  that  these  nerve-fibres  are  devoid  of  a  primitive  sheath. 

(6.)  Droplets  of  "  myelin  "  with  concentric  markings  are  seen  in 
the  field. 

10.  Nerve-Fibres  of  the  Spinal  Cord  (H). — By  means  of  a 
hypodermic  syringe  make  an  interstitial  injection  of  i  per  cent, 
osmic  acid  mto  the  white  matter  of  the  antero-lateral  column  of  the 
spinal  cord  of  an  ox.    Tease  a  piece  in  glycerine. 

(a.)  Observe  tubes  of  diff'erent  sizes,  many  varicose,  with  incisures 
and  cylinder-cones,  but  no  primitive  sheath. 

11.  Staining  the  Cord.— To  stain  sections  the  following  dyes 
may  be  used : — 

(i.)  Ordinary  carmine,  picro-carmine,  or  acid-carmine.  In  using 
the  last,  use  a  very  dilute  (scarcely  coloured)  solution,  and  let  the 
sections  remain  in  the  solution  for  1-2  weeks.  (2.)  These  stains 
may  be  combined  with  hematoxylin.  (3.)  Benzo-azurin.  (4.) 
Aniline-blue  soluble  in  water  but  insoluble  in  spirit.    (5.)  The  same 
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blue  with  eosin  or  Magdala-red.  If  (5)  be  used  the  axis-cylinders 
are  blue,  the  myelin  rose,  and  there  is  also  a  sharp  distinction  in 
colour  between  the  nerve-cells  and  glia-cells.  (6. )  Watery  solution 
of  Congo-red.  The  sections  are  dipped  for  a  moment  into  very 
dilute  sulphuric  or  hydrochloric  acid  (i  drop  to  10  cc.  water). 
They  become  blue.  (7.)  Weigert's  liEematoxylin-copper.  (8.) 
Golgi's  silver  and  mercuric-chloride  method.  The  Miiller's  fluid 
should  contain  3-3.5  grams  of  potassic  bichromate  to  i  gram  of 
sodic  sulphate.  (9.)  Golgi's  silver  method  and  sections  stained  by 
Magdala-red  {Lavclowsky). 

12.  Tracts  in  the  Spinal  Cord. — These  are  made  out  histo- 
logically by  studying  {a.)  embryonic  cords  in  mammals  from  the  5th 
to  the  9th  month.  These  sections  are  stained  either  by  Weigert's 
method  (p.  338)  or  by  the  modified  Pal  method.  A  T.S.  of  the 
cord  of  a  human  foetus  just  before  birth  shows  the  nerve-fibres  in 
the  pyramidal  tracts  still  devoid  of  myelin,  and  thiis  they  are  easily 
mapped  out  from  the  other  parts  of  the  cord  which  are  already 
medullated. 

(b.)  The  degeneration  changes  resulting  after  hemi-section  or 
section  of  the  cord.  Section  of  the  cord  is  practised  say  6-10  days 
before  the  cord  is  required.  Parts  of  the  cord  above  and  below  the 
seat  of  injury  are  hardened  for  10  days  or  so  in  Miiller's  fluid. 
Thin  pieces  are  then  placed  for  several  days  in  Marchi's  fluid 
(p.  347). 

Sections  are  mounted  in  balsam.  All  the  nerve-fibres  which 
have  undergone  degeneration  are  stained  black ;  healthy  nerve- 
fibres  are  yellowish  (p.  347).  Or  instead,  Weigert's  process  may  be 
nsed,  as  then  the  degenerated  tracts  remain  unstained  owing  to  the 
absence  of  myelin. 


ADDITIONAL  EXERCISES 

13.  Dry  Preparation.— Stain  a  T.S.  with  methylene-blue  (r  per  cent). 
Wash  it,  and  allow  it  to  dry  on  a  slide.  Add  a  drop  of  balsam.  This  shows 
very  well  the  general  characters  of  the  cord  ;  the  multipolar  nerve-cells  are 
somewhat  shrunken,  but  still  they  and  their  processes  are  well  stained. 

14.  Sections  in  Ehrlich-Biondi's  Fluid.— Place  sections  in  this  fluid  (p.  Si) 
well  diluted  (l  :  40),  and  heat  them  in  a  watch-glass  until  vapour  is  just  given 
off  Mount  them  in  balsam,  clarifying  either  with  xylol  or  anihne-oil  and 
xylol  (Lesson  III.  16).  The  glia-fibrils  are  violet  in  tint,  and  so  is  the  con- 
nective tissue  generally  ;  the  nuclei  of  the  glia-cells  bluish,  the  myelin  orange, 
the  axis-cylinder  somewhat  violet.  The  cells  in  the  grey  matter  have  a 
pleasant  violet  tint.    Benzo  azurin  can  bo  used  in  the  same  way. 

15.  T.S.  Cord.  Eosin  and  Logwood.— The  neuroglia-cells,  connective- 
tissue,  and  epithelium  of  the  central  canal  have  a  logwood  tint,  the  other  parts 
are  rosy. 
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16.  staining  the  Cord  in  Bulk  in  Aniline  Blue-Black.— Small  pieces  of  the 
cord  are  placed  iu  the  following  fluid  for  a  day  or  two  :— 

Aniline  blue-black     .  .  •       2  grams. 

Water .  .  •  •  .      60  cc. 

Alcohol         .  .  •  ■     40  ,, 

Mount  the  sections  in  balsam. 

17.  Transverse  Markings  on  Axis-Cylinders  and  Nerve-CeUs.— Place  small 
pieces  of  a  perfectly  fresh  cord  in  I  per  cent,  silver  nitrate  solution,  and  keep 
them  in  the  dark  for  forty-eight  hours,  renewing  the  fluid  several  times. 
Wash  the  pieces  and  place  them,  exposed  to  light,  in  the  following  mixture  :— 
Formic  acid  ( I  part),  amylic  alcohol  (i  part),  and  water  (100  parts),  for  5-7 
days.  Tease  a  fragment  in  glycerine  and  observe  the  alternate  brown  and 
clear  markings  on  the  axis-cylinders  (Frommann's  lines)  and  on  the  nerve-cells 
{Jakiviovitch)^ 

18.  Isolated  Nenroglia-CeUs.— (a.)  These  are  obtained  by  the  interstitial 
injection  of  osmic  acid  into  the  white  matter  of  the  cord  (Lesson  XXX.  10). 
A  small  piece  is  teased  and  stained  with  picro-oarmine. 

(H)  Observe  the  branched  cell,  with  a  granu- 
lar body  and  long  processes  (fig.  321).  It  re- 
quires considerable  care  to  dissociate  such  a 
cell,  and  it  must  usually  be  looked  for  and 
isolated  with  the  aid  of  a  dissecting  microscope 
(p.  22). 

{b.)  In  sections  of  the  cord  prepared  by 
Golgi's  method,  neuroglia-cells  may  be  stained 
along  with  the  nerve-cells,  and  on  other  occa- 
sions they  may  be  the  only  elements  on  which 
the  silver  or  mercury  takes  effect.  Note  that 
each  cell  gives  off  many  very  fine  processes,  j-kj.  321.— isolated  Neuroglia-Cell 
Some  of  the  latter  may  be  seen  to  become  of  Spinal  Cord  of  Ox.  n.  Nu- 
attached  to  the  walls  of  a  capillary  or  other  cl^us;  c.  Granulai-  proto- 
blood-vessel.  plasm  ;/.  Fibres  of  nem-ogUa. 

(c. )  Isolated  glia-cells  may  be  found  after 
maceration  in  Landois'  fluid  (p.  26),  and  subsequent  staining  with  Magdala- 
red. 

19.  Isolated  Nerve-Cells  of  the  Cord. — The  best  dissociating  reagents  are 
dilute  alcohol  or  Laudois'  fluid  (3-4  days,  p.  26).  A  staining  fluid  may  be 
added  to  the  dilute  alcohol,  and  thus  dissociation  and  staining  go  on  simul- 
taneously. With  cells — either  nerve  or  glia — isolated  by  Landois'  fluid,  it  is 
better  to  stain  after  maceration.  The  best  stains  are  Magdala-red,  methyl- 
blue  II.  (0.5-1  per  cent.,  5-10,  drops  added  to  10  cc.  of  the  macerating  fluid). 
Lavdowsky  ^.  uses  a  "  semidesiccation  method  "  like  that  used  for  connective 
tissue  ;  the  isolated  cells  are  allowed  to  become  nearly  dry,  and  then  alcohol 
is  slowly  added  to  remove  the  remainder  of  the  water  (see  also  Lesson  XVIII.). 
Or  after  maceration  shake  the  tissue  in  a  very  small  quantity  of  water  in  a  test- 
tube,  and  place  it  in  a  watch-glass,  add  6-10  drops  of  glycerine  and  a  little 
picro-carmine,  and  dry  the  whole  over  a  sulphuric  acid  desiccator.  This 
removes  all  the  water,  and  one  has  then  the  cells  stained  in  glycerine  ready  to 
be  mounted. 

20.  Pal's  Method  of  Staining  Nerve-Fibres. — This  method  requires  consider- 
able care.  Harden  the  cord  or  brain  in  ]\1  tiller's  fluid,  makoT.S.,  and  place 
them  in  alcohol.    Stain  in  .75  per  cent,  watei-y  solution  of  lireniatoxylin  con- 

1  Journ.  de  VAnat.  et  de  la  Phys,,  xxiv.  p.  142,  1888. 
^  Archivf.  mik.  Anat.,  xxxviii.  p.  264. 
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taining  some  alcohol  and  a  few  drops  of  a  saturated  solution  of  lithium 
carbonate  (6-10  hours).  They  are  then  "differentiated"  in  J  per  cent,  solu- 
tion of  permanganate  of  potash  (10-15  seconds),  and  subsequently  in  the 
following  mixture : — 

Oxalic  acid       .  ,  .  i  gi-am. 

Potassic  sulphite  .  .  i    , , 

Distilled  water  .  .         .       200  cc. 

"When  the  grey  and  white  matter  are  differentiated,  the  sections  maybe  stained 
in  carmine,  safranin,  or  alum-carmine,  and  mounted  in  balsam. 

Stages  of  Pal's  Method. 
(1.)  Harden  in  Miiller's  fluid. 

(2.)  Cut  sections  and  stain  in  "Weigert's  haematoxylin  (24-48  hours). 

(3.)  Wash  in  water  to  which  1-2  per  cent,  lithium  carljonate  is  added.  The 
sections  must  be  deep  blue. 

(4.)  Differentiate  the  sections  in  0.25  per  cent,  potassic  permanganate  solu- 
tion (20-30  sees. )  till  grey  matter  becomes  yellow. 

(5.)  Transfer  to  oxalic  acid  solution  (few  sees.). 

(6.)  "Wash  in  water,  and  dehydrate  in  alcohol,  xylol,  balsam. 

This  method  can  be  done  rapidly.  Only  the  nerve-fibres  are  stained  ;  the 
intervening  parts  may  be  stained  subsequently  with  picro-carmine. 

21.  Vessale's  Modification  of  Weigert's  Method.  1 

(1.)  Harden  in  Miiller's  fluid  and  afterwards  in  alcohol. 

(2.)  Stain  celloidin  sections  (3-5  mins.)  in  i  per  cent,  hfematoxylin 

dissolved  in  warm  water.    Allow  it  to  cool.    The  sections 

become  black. 

(3.)  Place  in  saturated  filtered  solution  of  neutral  copper  acetate  (3-5 

mins.)  and  then  lave  in  water. 
(4.)  Differentiate  in  a  solution — 

Borax  ...         2  grams. 

Potassic  ferridcyanide  .  2.5  ,, 
Water  .  .  .       3°°  cc. 

Ganglion-cells,  glia-cells,  and  degenerated  parts  soon  become  decolorised, 
only  the  medullated  fibres  remain  dark-violet. 

(5.)  Wash  thoroughly  in  water.    They  may  be  stained  with  alum- 
carmine  as  a  contrast  stain. 
(6.)  Absolute  alcohol.    Xylol-carbolic  acid (3  :  i),  remove  surplus  with 
bibulous  paper.  Balsam. 

22.  Kulschitzky's  Method  for  Medullated  Fibres. ^ 

(1.)  Harden  in  Miiller's  or  Erlicki's  fluid  (1-2  mins.),  then  wash  in 

water  (1-2  days).    Alcohol.    Make  sections  in  celloidin. 
(2.)  Stain  (1-3  hours)  in  his  acid  hsemato.xylin  (p.  342). 
(3.)  Difl"erentiate  (2-3  hours)  in 

Sat.  sol.  lithium  carb.       .  .       100  cc. 

Ferridcyanide  of  potash  (i  per  cent.)      10  ,, 
(4.)  Wash  thoroughly  in  water.  Balsam. 

23.  Golgi's  Silver  Methods 3_(a. )  Slow  Method.— ^maW  parts  of  the  cord  or 

1  Zcit.  wiss.  Mikros.,  vii.  p.  517,  and  Archiv.  Hal.  do  Biol,  xv.  p.  158, 
1891. 

2  Anat.  Anzcig.,  iv.  p.  519,  1890. 

»  Sulla  fina  anatoinia  clcgli  organi  centrahdel  sisiema  nervosa,  J\lilano,  laso. 
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brain,  after  being  hardened  in  2  per  cent,  potassium  bichromate  for  3-4  days, 
are  then  transferred  to  a  stronger  soUition,  say  3  per  cent.,  lor  4  days.  In- 
crease successively  the  quantity  of  the  bichromate  until  4-6  per  cent,  is 
reached.  It  takes  30-50  days,  according  to  temperature  or  other  circum- 
stances, to  get  the  tissues  properly  hardened.  The  hardened  parts  are  then 
transferred  for  24-48  hours  to  .5-.  75  per  cent,  silver  nitrate.  It  is  better  to 
place  them  first  of  all  in  a  small  quantity  of  silver  nitrate,  and  to  wash  them 
in  this  fluid.  The  fluid  becomes  of  a  dark  orange  tint  from  silver  chromate. 
Place  the  pieces  in  fresh  silver  nitrate.  Harden  in  alcohol.  Make  hand 
sections,  clarify  them  in  the  usual  way,  aud  mount  in  balsam,  but  do  not  apply 
a  cover-glass. 

(h.)  Eapid  Method. — Make  the  following  mixture  : — 
Osmico-Biehromatc  Mixture. 
Potassic  bichromate  (3  per  cent.)       .  .       20  cc. 

Osmic  acid  (i  per  cent.)        .  .  .         5  n 

Place  small  pieces  of  the  fresh  organ  in  15  cc.  of  this  fluid  for  2-3  days,  and 
then  place  them  in  the  silver  solution  (.5-1  per  ceut.j  for  1-2  days.  I  have 
found  the  cells  of  the  cerebral  cortex  stained  black  two  or  three  hours  after 
immersion  of  the  organ  in  silver  nitrate. 

This  is  an  excellent  method,  specially  useful  for  young  or  embryonic  nervous 
system,  as  the  fluid  penetrates  more  readily  where  the  myelin  is  scanty.  It  is 
very  capricious  in  its  action.  Sometimes  only  small  parts  are  stained.  The 
nerve-cells  and  their  processes,  and  nerve-fibres  without  myelin,  and  axis 
cylinders  are  stained  black. 

(c. )  Medium  Method. — Small  pieces  of  the  fresh  tissue  are  placed  for  3-5  days 
in  3  per  cent,  potassic  bichromate  ;  then  3-4  days  in  the  osmico-bichromate 
mixture  as  above,  and  then  in  silver  nitrate. 

It  is  not  a  matter  of  indiflerence  which  method  is  used.  Golgi's  method 
only  stains  cei-tain  elements — nerve-cells,  neuroglia-cells,  and  sometimes 
blood-vessels.  Thus,  by  the  rapid  method,  in  the  case  of  the  cerebellum,  the 
parallel  fibres  and  the  gi-anular  layer  are  the  chief  parts  stained;  Purkinje's 
cells  stain  best  by  the  slow  method.  As  a  general  rule,  the  axis  cylinders  aud 
their  processes  stain  best  by  means  of  the  rapid  and  medium  methods,  the 
slow  method,  as  a  rule,  staining  best  the  protoplasmic  processes. 

The  rapid  silver  method  has  been  extensively  used  by  Golgi  and  his  pupils, 
by  Kolliker,  but  above  all  by  Ramon  y  Cayal.  The  black  deposit  Golgi  calls 
a  "  black  reaction." 

24.  Golgi  and  Mondino's  Sublimate  Method. — Small  pieces  of  the  central 
nervous  system,  after  hardening  in  bichromate  of  potash,  are  placed  in  a 
watery  solution  (.25  per  cent.)  of  corrosive  sublimate.  The  volume  of  fluid 
must  be  large,  and  renewed  frequently,  f.e.,  as  often  as  it  is  yellow.  After 
10-15  days  the  reaction  has  occurred  in  small  pieces  ;  but  it  is  better  to  expose 
the  pieces  longer  than  this  to  the  action  of  the  salt ;  in  fact,  prolonged  im- 
mersion rather  improves  it.  The  tissues  may  remain  for  months  in  the  fluid 
without  disadvantage.  The  sections  nrust  be  very  thoroughly  washed,  else, 
after  being  mounted,  needle-shaped  crystals  of  the  sublimate  are  apt  to  form. 
The  sections  are  mounted  in  balsam  or  glycerin  ;  only  they  arc  mounted  with- 
out a  cover-glass. 

In  Golgi's  silver  method  the  cells,  and  in  some  preparations  the  blood- 
vessels as  well,  are  opaque  and  black.  Sometimes  the  body  of  the  cell  and  its 
finest  ramified  processes  can  be  seen  with  the  utmost  sharpness.  The  silver  is 
deposited  only  on  the  cells  and  their  processes,  not  on  the  nerve-fibres.  The 
sections,  however,  are  often  dotted  over  with  a  black  metallic  deposit.  In  the 
mercury  preparations,  if  the  cells  do  not  appear  to  be  very  black,  they  may  bo 
darkened  by  washing  them  in  sodic  sulphite. 
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The  sublimate  may  act  on  (a.)  the  ganglionic  cells,  (6.)  the  neuroglia  cells, 
and  (c. )  the  blood-vessels.  The  best  results  with  these  methods  are  obtained 
with  the  cerebral  cortex.  The  sections  can  be  stained  afterwards  by  the  usual 
methods,  and  particularly  by  Magdala-red. 

The  parts  acted  on  by  the  sublimate  are  white  by  reflected  light,  and  appear 
black  by! transmitted  light,  because  they  are  opaque.  Golgi^  finds  that  for  the 
study  of  the  diffuse  network  in  the  central  nervous  system,  by  this  method  the 
best  results  are  obtained  when  the  "metallic  white"  is  converted  into  a 
metallic  black.  For  this  purpose  he  uses  the  "fixer"  employed  for  fixing 
positive  photographs  on  aristotypic  paper. 

(A.)  Water  .....       i  litre. 
Hyposulphite  of  soda  .  .  -175  gi'ams. 

Alum  .  .  .  .  .     20  ,, 

Ammonium  .sulphocyanide    .  .      lo  ,, 

Chloride  of  sodium    .  .  .     40  „ 

Leave  the  mixture  for  8  days  and  then  filter. 

(B.)    "Water,  ....    100  cc. 

Gold  chloride.  .  .  .       i  gram. 

For  the  toning  and  fixing  fluid,  mix  of 

A  .  .  •  •  .  60  cc. 
B  7  „ 

Procedure. 

(1.)  "Wash  in  distilled  water. 

(2.)  Immerse  sections  (1-2  mins.)  in  the  above  mixture.    The  sections 

become  black. 
(3.)  Prolonged  washing  in  water. 

(4.)  (Optional.)    Faint  coloration  of  the  sections  with  acid  carmine. 
(5.)  Wash  again,  then  mount  in  balsam. 

25.  Double  Impregnation  Method  of  Ramon  y  Cayal.  2— Morsels  of  tissue 
are  placed  in  the  dark  in  the  osmico-bichromate  mixture  as  for  Golgi's  rapid 
method  (2-3  days),  and  then  they  are  gently  washed  and  placed  in  .5-75 
per  cent,  silver  nitrate  (1-2  days).  They  are  retransferred  for  3-4  days  to  the 
osmico-bichromate  fluid  (3-4-5  days),  and  then  again  to  silver.  They  are  then 
hardened  in  alcohol  and  cut.  This  method  certainly  gives  good  results  in 
some  cases,  and  is  very  useful  for  the  brain  and  embryo  preparations. 

26.  Embryo  Cords.— (a.)  Harden  the  spinal  cord  of  an  embryo  chick  at  the 
9th  day  as  above.  Remove  as  much  as  possible  of  the  surrounding  vertebral 
column  before  placing  it  in  the  osmico-bichromate  mixture. 

(L)  Observe  the  axis-cylinders  of  the  fibres  of  the  anterior  roots  springing 
from  the  axis-cylinder  processes  of  the  multipolar  branch  cells  of  the  anterior 
cornu,  themselves  black.  Note  that  the  fibres  of  the  posterior  root  enter  the 
cord  and  split  up  into  fibrils. 

(6.)  CoUateral  Fibres.— Harden  the  spinal  cord  of  an  embryo  mammal  {e.g., 
sheep,  20-25  cm.  long)  or  embryo  of  chick  in  the  above  fluid,  and  make  L.S. 
in  the  line  of  entrance  of  the  posterior  roots.  The  sections  need  not  be  very 
thin,  but  one  may  have  to  make  several  preparations  before  one  gets  a  satislac- 

tory  result.  ^,      ,  , , 

(H)  Note  that  when  a  fibre  of  the  posterior  root  enters  the  white  matter 
of  the  cord  it  divides,  sending  one  branch  upwards  and  one  downwards  (fig. 
322),  which  run  for  a  distance  more  or  less  longitudinally,  but  many  enter  the 

'^lArchiv.  ital.  de  Biologic,  xv.  p.  462,  1891. 

^  '  Internat.  Monatsch.  f.  Anat.  u.  Phys.,  vi.  p.  170. 
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grey  matter,  and  end  free  in  fine  branches  without  forming  connections  with 
nerve-cells.  The  fibres  give  oft"  at 
right  angles  to  their  course  fine  fibrils 
— collaterals— which  enter  the  grey 
matter,  divide  into  fibrils,  and  end 
free. 

27.  Degeneration  of  the  Cord— 
(a.)  Method  of  Marchi  for  degenera- 
tion, in  central  nervous  system  or  in 
nerves  (Lesson  XVIL) : — 

(1.)  Harden  very  small  pieces  of  a 
nerve  or  spinal  cord — either  of 
which  is  undergoingdegenera- 
tion — in  Miiller's  fluid  for  at 
least  8  days. 

(2.)  Place  for  6  days  in  the  follow- 
ing :— 

MtLUor's  fluid        .       .    2  parts. 
Osmic  acid  (i  per  cent.) .    i  part. 

(3.)  "Wash  in  water,  harden  in 
alcohol. 

(4.)  Embed  and  cut  in  celloidin. 

All  degenerated  parts  appear  black, 
all  the  others  light  grey  or  yellowish 
(see  p.  212). 

(&.)  Weigert's  hfematoxylin  method 
may  be  used  for  the  same  purpose. 
The  degenerated  fibres  are  unstained, 
i.e.,  on  differentiating  the  section 
the  degenerated  parts  rapidly  give  up  their  stain,  and  thus  appear  unstained. 


Fig.  322.— L.S.  of  the  Cord  of  the  Cervical 
Begion  of  an  Embryo  Sheep  (22  cm.  loug), 
to  show  division  of  posterior  roots  after 
entering  the  spinal  cord. 


LESSON  XXXI. 

MEDULLA  OBLONGATA— CEREBELLUM- 
CEREBRUM. 

MEDULLA  OBLONGATA  OR  BULB. 

The  medulla  oblongata  is  hardened  in  the  same  way  as  the  cord. 
T.S.  are  made  at  different  levels,  and  stained  in  the  same  way 
as  the  cord  (L  and  H). 

1.  T.S.  Decussation  of  Pyramids. 
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(a.)  Observe  the  shape  of  the  cord,  the  decussation  of  the  anterior 
pyramids,  i.e.,  bundles  of  fibres  are  seen  coming  from  the  lateral 
column  of  one  side,  and  running  inwards  and  towards  the  middle 
line,  thus  separating  somewhat  the  anterior  from  the  posterior 

cornua  (fig.  323).  They  actually 
pass  to  the  anterior  pyramid  of 
the  opposite  side  of  the  medulla. 

(b.)  At  the  anterior  part,  on 
each  side  of  the  anterior  median 
fissure,  sections  of  the  anterior 
pyramid. 

(c.)  At  the  posterior  part,  a 
small  part  of  the  posterior  cornu 
extending  backwards  as  the 
nucleus  of  the  clava  in  the 
funiculus  gracilis.  Another  mass 
of  grey  matter  in  the  funiculus 


Jig.  323.— T.S.  Medulla  Oblongata  throuRh 
Decussation  of  Pyramids.  D.Py.  An- 
terior pyramid ;  Fa.  Anterior  Cornu  ; 
Ng.  Nucleus  of  the  funiculus  gracilis  ; 
g.  Substantia  gelatin  osa ;  XI.  Spinal 
accessory  nerve. 


of 


cuneatus. 

2.  T.S.  of  Olivary  Bodies  (L 

and  H). — Observe  the  folded  mass 
grey  matter,  with  many  multipolar  nerve-cells,  constituting  the 
olivary  nucleus  (fig.  324);  the  complex  of  fibres,  horizontal,  vertical, 

and  those  cut  longitudinally, 
^'  constituting    the  formatio 

reticularis ;  the  much  altered 
arrangement  of  the  grey 
matter,  which  appears  in  the 
floor  of  the  fourth  ventricle  ; 
and,  according  to  the  level 
at  which  the  section  is  made, 
there  may  be  met  with  the 
origin  of  certain  of  the  cranial 
nerves  (fig.  324). 

Of  course  sections  should 
be  made  from  higher  levels 
in  the  medulla,  and  also 
through  the  pons.  If  a  student  has  the  requisite  time,  it  is  best  to 
make  a  series  of  sections  from  below  upwards,  fixing  them  in  order 
on  slides. 

The  two  following  tables  show,  the  one  the  fissures,  areas,  and 
mouldings  to  be  noted  on  the  medulla  oblongata,  and  the  other  the 
grey  matter  of  the  cord  and  medulla  oblongata. 


Fig.  324.— T.S.  Medulla  Oblongata  at  the  Level 
;of  the  Olivary  Body  ;  partly  Diagrammatic. 
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Objects  seen  on  the  Surface  of  the  Medulla  Oblongata. 


A.  Fissures. 


B.  Areas. 


r  Anterior  median. 
\  Posterior  median. 
(Two  lateral. 


'  rj.  /•  ^""^f^r         J  1  Anterior  pyi-amids. 
ibctiaeenA.M.  F.  and  |Decnssation  of  pyramids. 


2.  Lateral  area 
{between  roots  of  iith  ^r^.       •  ^  ^^^^^^ 
and  I2th  nerves).     )  •' 


3.  Posterior 
area. 


C.  External  Arciform  Fibres. 


I  Olivary  body, 
ract  of  olivar 

Restiform  body. 


Lower  1  Funiculus  of  Rolando  and  its  tubercle. 
Part.  1  Funiculus  cuueatus  and  its  tubercle. 
(  Funiculus  gracilis  and  its  clava. 

^art  ^  j-  Floor  of  foui-th  ventricle. 


Table  of  Grey  Matter  of  the  Medulla  Oblongata. 
Coed.  Medulla. 


Grey  Matter 

of  the 
Spinal  Cord. 


Anterior  \ 
r\  \  Neck 

iBase 


Posterior 
Cornu. 


f  Head 
I  Neck 


Base 


. . .    Nucleus  lateralis. 

. . .    Anterior  part  of  formatio  reticularis. 

. .    Nucleus  of  the  fasciculus  teres. 

,..    Nucleus  of  Rolando. 

..    Posterior  part  of  formatio  reticularis. 

{  Nucleus  of  the  funiculus  gracilis  (clava). 
,..-{  Nucleus  cuueatus. 

(^Nucleus  on  floor  of  fourth  ventricle. 


Isolated  Grey  Nuclei/  ^^^"^^"^  "J^^^^^'^ 

•„      -  T.r_  1  11       -K  Accessorv  olivarv  nnnlfii 


in  the  Medulla. 


Accessory  olivary  nuclei. 
Nucleus  of  external  arciform  fibres. 


CEEEBELLUM. 

Methods.— The  cerebellum  is  hardened  in  the  same  way  as  the 
cord.  It  is  advantageous,  however,  to  wash  out  the  blood-vessels 
of  the  whole  brain  with  Miiller's  fluid,  and  afterwards  to  distend 
them  with  the  same  fluid. 

If  ammonium  bichromate  be  used  (2  percent.),  the  pieces  harden 
quicker  than  in  the  case  of  the  cord. 

For  the  application  of  Golgi's  method,  see  p.  345. 

3.  V.S.  Cerebellum,  i.e.,  including  the  grey  and  white  matter 
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cut  at  right  angles  to  the  direction  of  the  folds.  Stain  it  with 
carmine,  aniline  blixe-black,  or,  better  still,  first  with  logwood  and 
then  with  eosin.  Mount  in  balsam.  The  best  way  for  the  student 
is  to  stain  a  small  piece  of  the  cerebellum  in  bulk  in  borax- 
carmine  for  two  or  three  days,  or  longer,  and  then  embed  and 
cut  in  paraifin.  In  this  way  there  is  no  fear  of  the  sections  break- 
ing up,  and  the  relative  positions  of  the  several  parts  are  accurately 
maintained. 

In  making  sections  of  the  cerebellum,  it  is  important,  if  one 
wishes  to  see  the  wide  exjDanse  of  the  protoplasmic  processes  of 
Purkinje's  cells,  to  make  sections  across  the  direction  of  the  laminae. 
If  made  in  the  direction  of  the  laminte  the  leash  of  protoplasmic 
processes  appear  quite  narrow  (fig.  330,  B).  The  protoplasmic 
processes,  or  dendrites,  as  they  have  been  called  by  His,  spread  out 
in  planes  transverse  to  the  direction  of  the  lamellse,  hence  the 
necessity  for  the  above  precaution. 

Suppose  a  hsematoxylin-eosin  specimen  to  be  prepared. 

{a.)  (L)  Observe  the  primary  and  secondary  convolutions  (fig. 
325).    In  each  leaflet  from  within  outwards,  the  white  matter. 


composed  of  meduUated  nerve-fibres,  and  outside  this  the  grey 
matter,  composed  of  two  layers,  viz. :— (i.)  The  nuclear  layer, 
composed  of  many  layers  of  small  nuclei— stained  blue— each 
surrounded  by  a  very  small  quantity  of  protoplasm.  (ii.)  The 
outer  layer  of  the  cortex,  thicker  than  (i.),  with  a  somewhat 
"ranular  appearance,  and  containing  branches  of  Purkinje's  cells 
and  some  small  branched  angular  nucleated  cells  (fig.  326). 
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Numerous  blood-vessels  enter  the  surface  of  tlie  cerebellum  from 
the  pia  mater  covering  it. 

(b.)  At  the  boundary -line  between  (i.)  and  (ii.)  a  row  of  large 
cells — Purkinje's  cells — each  with  a  somewhat  oval  or  globular 
body,  Avith  a  single  central  process,  which  becomes  continuous  with 
a  nerve-fibre,  although  this  is  not  seen  in  this  preparation.  Each 
cell  gives  off  a  peripheral  process,  which  immediately  branches,  the 
larger  branches  running  laterally  for  a  short  distance,  and  each 
branch  divides  again  and  again,  the  fine  branches — protoplasmic 
processes  or  dendrites — running  vertically  through  the  outer  layer 
of  the  cortex  nearly  to  its  free  surface.  The  branched  arrangement 
of  these  fibres  has  been  compared  to  the  antlers  of  a  stag. 

By  means  of  the  rapid  Golgi  method,  a  basket-shaped  complex 
of  fibrils  can  be  seen  round  the  basis  of  Purkinje's  cells. 

(c.)  (H)  The  granular  or  nuclear  layer,  with  two  kinds  of  nuclei 
or  rather  cells.  The  most  numerous  are  small  and  granular,  and 
arranged  in  groups ;  they  are  stained  violet  by  the  htematoxylin. 
The  others  (larger  and  spherical,  with  a  nucleolus)  are  the  nuclei 
of  small  ganglionic  nerve-cells.  They  are  stained  reddish.  Amongst 
the  granules  may  be  seen  meduUated  fibres  stained  reddish. 

The  more  recent  methods  of  Golgi  and  Kam6n  y  Cayal  show 
that  these  two  kinds  of  cells  correspond  to  nerve-cells.  The 
smaU  cells  have  an  axis-cylinder  and  several  protoplasmic  pro- 
cesses, while  the  large  cells  in  some  respects  resemble  small 
Purkinje's  cells. 

4.  Blood-Vessels  of  the  Cerebellum. — These  are  injected  when 
the  blood-vessels  of  an  animal  are  injected  from  the  aorta  with  a 
Berlin-blue  or  carmine-gelatine  mass.  Mount  an  unstained  sectiu 
in  balsam  (    and  H). 

(a.)  Observe  the  vascular  pia  mater  sending  at  intervals  long  or 
medullary  branches  through  the  cortex  to  the  medulla,  and  short 
or  cortical  branches  which  break  up  into  a  rich  plexus  of  capil- 
laries in  the  cortex,  so  that  the  latter  is  far  more  vascular  than  the 
white  matter.  Each  vessel  is  surrounded  by  a  perivascular  lymph- 
space. 

CEREBEUM. 

Methods. — Harden  it  in  tlie  same  way  as  the  cord  and  cerebellum. 
For  Golgi's  methods  (p.  345). 

If  Weigert's  method  is  used,  the  sections  must  remain  for  twenty- 
four  hours  in  the  htematoxylin  solution  in  order  to  see  the  plexus  of 
meduUated  fibres  in  the  superficial  layers  of  the  cortex,  and  three 
hours  for  the  fibres  which  ascend  between  the  pyramidal  cells  of 
the  cortex  cerebri. 

5.  V.S.  Cerebrum.— Make  V.S.  through  the  central  part  of  the 
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brain  of  a  small  animal.  In  tlie  case  of  a  human  brain,  select  the 
ascending  parietal  or  ascending  frontal  convolution.  Make  V.S. 
either  by  freezing  or  in  paraffin  after  staining  in  btdk  in  borax- 
carmine.  Other  sections  may  be  stained  in  aniline  blue-black,  and 
all  are  mounted  with  balsam. 

"With  the  naked  eye  observe  the  shape  of  the  convolution,  the 
grey  matter  outside,  of  a  certain  thickness  (x2~i  thick),  and 
deeply  stained,  and  inside  it  the  white  matter  less  deeply  stained. 

(L  and  H)  (a.)  Observe  the  Vfhite  matter,  composed  of  medul- 
lated  fibres,  with  leucocytes  here  and  there  between  them. 

(&.)  Outside  this  the  grey  matter,  composed  of  several  layers, 
recognised  by  the  arrangement  and  shape  of  the  cells  present  in  it. 


mm 


iiii 


Fig.  327.— V.S.  of  Cortex  of  the 
Ascending  Frontal  Convolution, 
i.e.,  a  Motor  Area.  Carmine, 
X  20. 


m 


Fig.  328.— V.S.   Middle  Frontal 
Convolution.  Carmine,  x  20. 


It  will  depend  very  greatly  upon  the  plane  of  the  section  whether 
the  student  sees  aU  the  layers  in  any  single  section.     They  are 
usually  in  a  five-layer  type,  but  the  relative  thickness  of  the  layers 
varies  in  different  parts  of  the  cerebrum. 
A.  Arrangement  of  Nerve-CeUs, 
(c  )  The  layers  from  the  surface  inwards  are  : — 
(i)  The  narrow  outer  or  first  layer  (or  finely-granular  or  mole- 
cular layer)  consists  of  a  network  of  fibrils  with  a  very  few  smaU 
cells     Chiefly  neuroglia  ceUs,  mostly  vertical  to  the  surface. 

Bv  QoWs  method,  it  can  be  shown  to  contain  a  layer  of  medui- 
lated  fibres  just  under  and  paraUel  to  the  pia,  and  also  some 
branched  non-medullated  fibres.  It  also  contains  a  few  small 
nerve-cells  with  two  or  more  axis-cylmder  processes  The  latter 
details  can  only  be  detected  in  a  preparation  made  by  txolgis 
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method.  In  it  may  be  seen  sections  of  blood-vessels  passing  from 
the  pia. 

(ii.)  The  second  layer,  or  layei'  of  small  jyyrainidal  cells,  is  usually 
narrow,  with  several  rows  of  small  pyramidal  cells,  the  peripheral 
processes  of  the  latter  pointing  towards  the  surface  of  the  convolu- 
tion.   It  passes  gradually  into 

(iii.)  The  third  layer,  or  layer  of  large  pyramidal  cells,  which  is 
much  thicker  than  the  others,  and  contains  large  pyramidal  cells, 
each  with  a  peripheral  process,  which  can  sometimes  be  traced 
outwards  for  a  considerable  distance.  The  axis-cylinder  process 
gives  off  several  collaterals,  and  can  be  traced  into  a  medullated 
fibre  of  the  white  matter.  The  cells,  however,  may  be  cut  obliquely, 
and  then  they  ajDpear  triangular.  Usually  the  cells  are  larger  in 
the  deeper  layers,  and  become  smaller  in  the  outer  layers. 

(iv.)  The  fourth  layer,  or  layer  of  irregular  or  polymorphous  cells. 
This  is  a  narrow  layer  of  small,  usually  angular  but  irregularly- 
shaped  cells.  They  lie  between  the  nerve-fibres  which  pass  into 
the  cortex.  In  the  motor  areas  of  the  frontal  and  parietal  convolu- 
tions large  pyramids  arranged  in  groups  or  nests  may  be  found 
between  these  cells. 

(v.)  The  fifth  layer,  or  layer  of  fusiform  cells,  also  a  narrow  layer, 
with  a  few  fusiform  cells  with  nerve-fibres  between  them.  This 
layer  abuts  on  the  white  fibres  of  the  medulla,  and  may  in  some 
regions  be  fused  with  the  previous  layer.  In  the  grey  matter 
superficial  to  the  island  of  Eeil,  it  exists  as  a  separate  layer  consti- 
tuting the  claustrum. 

Not  unfrequently  in  bichromate  and  chromic  acid  preparations, 
the  place  of  the  pyramidal  cells  is  partly  represented  by  clear 
spaces,  produced  by  vacuolation  of  the  cells.  It  is  by  no  means 
easy  to  distinguish  a  nerve-ceU  from  a  neuroglia-cell  in  the  cere- 
brum. Usually  the  glia-cell  nuclei  are  smaller.  Between  the  rows 
of  cells  may  be  seen  fine  longitudinal  striation,  indicating  the  exist- 
ence of  nerve-fibres  in  the  grey  matter. 

The  structure  of  the  cortex  is  not  identical,  although  similar, 
throughout.  In  the  motor  areas  especially,  i.e.,  in  the  ascendin" 
frontal,  ascending  parietal,  and  part  of  the  marginal  convolutions^ 
the  pyramidal  cells  are  usually  larger  than  in  those  areas  which  are 
described  as_  sensory— e.r/.,  the  occipital,  temporo-sphenoidal,  or  even 
in  the  anterior  part  of  the  frontal. 

It  is  advisable,  therefore,  to  provide  the  student  with  sections 
from  these  different  areas.  There  is  no  abrupt  transition  between 
one  type  of  cortical  structure  and  another. 

B.  Course  of  White  Fibres  in  the  Cortex  Cerebri.— This  cannot 
be  made  out  in  sections  prepared  as  above.  All  that  can  be  seen  is 
that  fine  strands— rarZw— of  medullated  fibres  pass  from  the  white 
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centre  at  intervals  into  the  grey  matter,  and  run  outwards  as 
medullary  rays  between  the  nerve-cells.  By  other  methods  it  can 
be  shown  that  some  of  them  become  continuous  with  axis-cylinder 
processes  of  the  pyramidal  and  polymorphous  cells,  while,  as  shown 
in  fig.  331,  others  end  in  free  arborisations.  Tracing  the  fibres  the 
other  way,  i.e.,  as  axial-cylinder  processes  of  pyramidal  cells,  it  has 
been  shown  by  other  methods  that  some  of  them — chiefly  from  the 
large  pyramids  of  the  motor  areas — pass  into  the  white  matter, 
enter  the  corona  radiata,  and  pass  through  the  inner  and  anterior 
two-thirds  of  the  posterior  division  of  the  internal  capsule  to  enter 
and  form  the  pyramidal  tracts.  They  constitute  the  projection 
fibres,  and  end  in  free  arborisations  in  relation  with  the  multi- 
polar nerve-cells  of  the  anterior  cornu  of  the  grey  matter  of  the 
cord. 

The  so-called  commissural  or  callosal  fibres,  which  join  opposite 
halves  of  the  brain,  pass  into  the  corpus  callosum  either  directly  or 
by  collateral  fibres  (fig.  331)  and  pass  to  the  opposite  side  to  end  as 


Fig  ,2q.-In]ected  Cerebral  Cortex  of  Dog.  i.  Layer  with  few  vessels ;  2.  Layer  of  lai-ge 
j?iu.  329-      J    pyj.^„jij^a^i  gells ;  3.  Deepest  layers  of  cortex ;  4.  MeduUa. 

free  arborisations  in  the  grey  matter  there  (fig.  331, ./ ).  Others  are 
said  to  join  the  antero-posterior  fibres  (fig.  33i>  B)  or  association 
fibres,  Avhich  run  between  grey  matter  in  different  parts  of  the  same 

hemisphere.  „v     ^  xi  • 

6  V.S.  Middle  Frontal  Convolution  (fig.  328).— Compare  this 
with  that  from  a  motor  area,  and  note  the  absence  of  the  very  large 
pyramidal  ceUs.  In  the  gyrus  hippocampi  or  uncinate  gyrus  there 
are  other  peculiarities,  its  grey  matter  consisting  of  numerous 
conical  cells  with  very  long  processes.    It  is  hai-dened  m  the  same 
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way.  The  peculiar  shape  of  the  cells  in  this  region  is  best  shown 
by  the  "  dov;ble-impregnation  "  method  of  Eamon  y  Cayal  (p.  222). 

7.  Blood- Vessels  of  the  Cerebrum  (L  and  H).— Make  rather 
thick  sections  of  an  injected  brain,  and  mount  them  in  balsam. 
They  are  best  embedded  and  cut  in  paraffin.  The  whole  head 
should  be  injected  from  the  aorta. 

(a.)  (L)  The  larger  vessels  in  the  pia  mater  send  into  the  cerebral 
cortex  two  sets  of  arteries:  those  that  perforate  the  grey  matter 
and  proceed  to  supply  the  medulla— the  long  or  medullary  arteries  ; 
and  a  more  numerous,  shorter  set,  that  ramify  chiefly  in  the  grey 
matter — the  short  or  cortical  arteries.  The  grey  matter  is  much 
more  vascular  than  the  white,  and  the  vessels  are  surrounded  by 
perivascular  sheaths  (fig.  329). 

(b.)  Study  the  arrangement  and  relative  vascularity  of  the  capil- 
lary plexus  in  the  cortex.  At  the  surface  it  is  less  dense,  and  it  is 
most  dense  in  the  region  of  the  large  pyramidal  cells. 

The  best  resume  of  the  researches  of  Golgi,  R.  y  Cayal,  and 
Kolliker  is  given  by  Waldeyer,i  whose  papers  contain  numerous 
woodcuts  showing  not  only  the  histological  results,  but  their  bearing 
on  physiological  problems. 


ADDITIONAL  EXEECISES. 

8.  Cerebelluin  in  Osmic  Acid — Place  very  small  pieces  of  the  grey  matter 
{ I  mm.  cubes)  in  i  per  cent,  osmic  acid  (24-48  hours)  as  recommended  for  the 
cerebrum  (Lesson  XXXI.  13).  Wash  in  water  and  harden  in  alcohol.  In  the 
sections  note  the  meduUated  fibres  in  the  granular  layer,  but  none  of  them 
pass  into  the  outer  layer  of  the  cortex. 

9.  Cerebellum  in  Ehrlich-Biondi's  Fluid. — Stain  sections  in  this  fluid  as 
directed  under  Spinal  Cord  (Lesson  XXX.  13)  and  mount  iu  balsam.  The 
outer  gi-ey  layer  and  the  medulla  are  red,  the  granular  layer  violet.  In  the 
latter  can  be  seen  the  two  kinds  of  cells,  one  stained  red,  the  other  violet. 

10.  Purkinje's  Cells  by  Golgi's  Method  (p.  344).— (a.)  The  easiest  method 
is  the  slow  silver  nitrate  one  (p.  344).  If  the  preparation  is  successful,  one  is 
rewarded  by  the  beauty  of  the  preparation.  It  is  almost  impossible  to 
reproduce  the  complexity  of  the  processes  of  Purkinje's  cells  (fig.  330).  They 
are  stained  black,  the  nerve-fibres  may  or  may  not  be  stained.  The  sections 
are  mounted  in  balsam  tvithoiU  a  cover-glass.  The  much-branched  proto- 
plasmic processes,  or  dendrites,  are  shown  in  fig.  330,  A,  as  they  appear  when 
a  section  is  made  across  the  laminre,  and  in  B  when  the  section  is  in  the 
direction  of  the  laminaj.  The  dendrites  do  not  anastomose  with  each  other, 
and  all  lie  in  one  plane  in  the  transverse  direction  of  the  leaflet. 

(6.)  Fibres  in  Cerebellar  Grey  Matter.— By  using  the  rapid  hardening 
method  of  Golgi  and  Cayal  many  other  details  may  be  made  out,  but  not 
all  necessarily  in  one  section.  Round  the  body  of  each  cell  of  Purkinjo  is 
a  plexus  of  fibrils — basket-work  of  fibres — produced  by  the  division  or  arbori- 

^  DciUsclic  vied.  JFocIicnsch.,  Nos  44,  45,  46,  47,  1891. 
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satiou  of  the  axis-cylinder  processes  of  nerve-colls  lying  in  the  molecular 

layer  of  the  grey  matter. 
The  dendrites  ^re  in  part 
also  invested  by  a  basket- 
work  due  to  the  arborisa- 
tion of  iibres  proceeding 
from  the  medulla — i.e., 
fibres  which  do  not  ter- 
minate in  the  cells  of 
Purkinje.    Some  of  the 
cells    of    the  granular 
layer  are  nerve-cells  with 
protoplasmic  and  axis- 
cylinder  processes.  The 
small  nerve-cells,  by  far 
the  most  numerous,  give 
axis  -  cylinder  processes 
which  run  out  into  the 
molecular  layer,  where 
they  divide  and  become 
continuous  with  a  fibre 
running  at  right  angles 
to  it.    In  the  molecular 
layer  there  is  an  arrange- 
B  ment  of  nerve-fibres  run- 

FIG  33o.-Cell  of  Purkinje.  Corrosive  sublimate.  A.  Seen  ning  more  or  less  parallel 
on  the  flat,  and  B,  from  the  side,  X  I20.  to  the  surface   of  the 

leaflets,  and  joined  here 

and  there  by  the  axis-cylinder  processes  of  the  nerve-cells  of  the  granular 


«^homP  nf  T  S  of  Cerebrum  of  New-born  Kat,  prepared  by  Cayal's  Double- 
of  cortex. 
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layer  already  described.  If  the  cerebellar  lamina  be  cut  in  a  direction  trans- 
verse to  the  course  of  these  fibres,  then  they  merely  appear  as  black  dots. 
My  experience  leads  me  to  believe  that  this  system  is  best  demonstrated  by 
the  rapid  Golgi  method. 

11.  Cerebrum  by  Golgi's  Method  (see  Lesson  XXX.  19).— Do  the  same  as 
for  the  cord  and  cerebellum.  Either  the  AgNOg  or  HgCl„  methods  may  be 
adopted.  In  the  latter  case  the  best  results  are  obtained  by  keeping  the  por- 
tions of  the  brain  for  months  in  the  mercuric-chloride 
solution.  I  have  usually  got  good  results  with  the 
brain  of  the  rat  or  rabbit.  In  all  cases  mount  the  sec- 
tions in  balsam  without  a  cover-glass.  In  new-born 
animals  better  results  are  obtained- — especially  with  the 
rapid  method  (osmico-bichroniate  method,  p.  345) — than 
with  adult  brains.  Fig.  331  shows  some  of  the  results 
which  may  be  obtained  in  a  T.  S.  of  the  brain  of  a  new- 
born rat.  The  results  have  been  pieced  together  from 
a  study  of  many  sections. 

By  the  rapid  Golgi  method  it  is  easy  to  obtain  beauti- 
ful preparations  showing  the  pyramidal  cells  of  the 
cortex  with  their  apical,  lateral,  and  axis-cylinder  pro- 
cesses ;  in  fact,  I  have  often  obtained  such  in  the 
superficial  sections  after  a  few  hours'  immersion  in 
silver  nitrate.  For  the  cornu  ammonis  cells  the  double- 
impregnation  method  of  R.  y  Cayal  is  excellent.  Some- 
times, however,  one  gets  the  blood-vessels  stained. 

12.  Cerebrum  by  Weigert  or  Weigert-Pal's  Method 
(see  Lesson  XXX.  4). — This  method  reveals  the  exist- 
ence of  medullated  fibres  in  the  cerebral  cortex  arranged 
according  to  the  scheme  shown  in  fig.  332. 

At  the  lower  part  of  the  grey  matter  a  large  number 
of  fine  medullated  nerve-fibres  enter  it — radii — which 
run  outwards  in  the  cortex  as  mcdullarij  rays.  Between 
the  latter  is  an  intcr-radial  plexus,  and  above  them  is 
a  supra-radial  plexus,  and  quite  under  the  pia  are  tan- 
gential fibres.  On  the  boundary-line  between  the  supra- 
radial  plexus  and  the  inter-radial  plexus  is  a  white 
stripe,  visible  to  the  naked  eye,  especially  well  marked 
in  the  cuneus.  It  has  been  called  the  stripe  of  Gennari, 
Baillarger,  and  also  of  Vicq  d'Azyr. 

13.  MeduUated  Nerve-Fibres  in  the  Cortex  Cerebri. 
— Place  very  small  pieces  of  the  outer  part  of  the  cortex 
in  I  per  cent,  osmic  acid  (24  hours).  The  pieces  must 
be  black  throughout.  Make  thin  sections,  place  one 
on  a  slide,  add  a  drop  of  ammonia  ;  the  section  swells 
lip  and  the  medullated  libres  become  distinct.  Expose 
the  section  to  the  vapour  of  osmic  acid,  i.e.,  place  the 
section  on  a  slide  over  a  glass  thimble  filled  with  osmic 
acid  and  cover  the  whole  with  a  bell-jar.  After  half  an  hour  or  less  the 
"fixation"  is  complete.  This  is  Exner's  method  as  modified  by  Ranvier. 
Preserve  in  glycerine.  Observe  the  narrow  medullated  nerve-fibres  between 
the  nerve-cells  ;  the  nuclei  only  of  the  latter  are  distinctly  seen. 

Hypophysis  Cerebri  or  Pituitary  Body. 

14.  Hypophysis  Cerebri.— This  consists  of  two  parts,  tlic  one  derived  from 
the  brain,  a  continuation  of  the  infundibulum  ;  the  lower  part  is  derived  from 


Fig.  332.— V.S.  Cortex 
Cerebri.  The  right 
side  drawn  from '  a 
Weigert's  hiema- 
toxylin  preparation, 
and  the  left  from  a 
Golgi's  sublimate 
one.  On  the  right 
the  medullated 
fibres,  and  on  the 
left  only  the  nerve- 
cells  are  shown. 
There  are  really 
more  cells  than 
shown  in  the  draw- 
ing. 
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an  inflexion  of  the  embryonic  mucous  membrane  of  the  moutli.  Harden  in 
Miiller's  fluid,  stain  sections  in  picro-carmine,  and  mount  in  balsam.  Observe 
sections  of  closed  gland-tubes  or  alveoli  almost  completely  filled  wth  cubical, 
somewhat  granular,  or  clear  cells.  A  lumen  is  rarely  visible.  The  communica- 
tion between  the  mouth  and  the  lower  part  of  the  gland  is  cut  off  m  the  pro- 
cess of  development. 


LESSON  xxxri. 

THE  BYE. 

Methods.— (i.)  Enucleate  the  eyeball  of  a  rabbit  or  cat ;  remove 
any  adhering  fat  and  muscles.  With  a  sharp  razor  make  a  single 
cut  at  the  equator  of  the  eyeball,  and  suspend  it  in  200  cc.  of  .25 
per  cent,  chromic  acid.  After  twenty-four  hours  cut  the  eye  mto 
an  anterior  and  a  posterior  half,  and  place  them  for  several  days  in 
new  fluid.  Wash  and  harden  in  the  dark  in  gradually  increasing 
strengths  of  alcohol.  The  eye  hardened  in  this  way  may  be  used 
for  preparing  sections  of  some  of  its  parts.  _  ^ 

(ii.)  Harden  the  other  eyeball  for  two  or  three  weeks  m  MuUer  s 
fluid'  after  cutting  into  it  in  the  same  way  as  above.  Complete  the 
hardening  in  alcohol.  It  is  well  to  have  sections  of  the  cornea  of 
several  animals,  e.g.,  the  pig  and  ox. 

THE  CORNEA. 

Make  V.S.  from  a  cornea  hardened  in  Miiller's  fluid  or  Flemming's 
fluid  Stain  with  picro-carmine  and  mount  in  Farrant's  solution, 
or  in  hsematoxylin  and  mount  in  balsam.  Stain  the  one  fixed  m 
Flemming's  fluid  with  saf ranin.  A  good  method  is  to  stain  it  in 
bulk  in  borax-carmine.    Eosin-hsematoxylin  is  a  good  stain. 

1.  V.S.  Cornea  (L.  H.).  .  ,     -^t,  v 

(a  )  Observe  the  anterior  or  conjunctival  epithelium,  consisting 
of  several  layers  of  stratified  epithelium.  The  most  external  cells 
are  flattened  ;  those  of  the  middle  layers  are  more  oval  or  rounded, 
many  of  them  with  finger-shaped  processes  dipping  down  between 
the  deeper  rows  of  cells.  The  cells  in  the  lowest  layer  are  columnar 
and   placed  perpendicularly  upon  the  cornea,   resting  on 

^^t&f  The  narrow,  clear,  transparent  layer-anterior  elastic 
lamina  :  this  is  best  marked  in  the  human  eyeball. 

(c.)  The  substantia  propria,  or  body  of  the  cornea,  composed  ot 
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layers  of  transparent  fibrous  tissue  arranged  in  laminae.  The 
laminre,  while  arranged  in  the  main  parallel  to  each  other,  have 
connecting  processes  joining  adjacent  laminae.  Between  the  laminae 
oval  spaces,  and  in  each  space  a  nucleated  cornea  corpuscle  (fig. 
333.  <^),  which,  as  seen  on  edge,  is  thin  and  flattened.  The  processes 
of  these  corpuscles  are  best  seen  in  gold  specimens. 

(d.)  The  posterior  elastic  lamina,  or  membrane  of  Descemet, 
a  well-marked,  thin,  transparent,  hyaline  lamina,  with  sharply 
defined  outlines,  and  covered  posteriorly  by 

(e.)  The  posterior  epithelium,  consisting  of  a  single  layer  of 
large  flattened  nucleated  cells,  seen  in  profile.  They  are  apt  to  be 
displaced  if  the  section  be  roughly  handled. 

If  the  posterior  elastic  lamina  be  broken  across,  it  is  apt  to  curl 
up.    It  stains  readily  with  carmine. 


Fig.  333. — V.S.  Cornea,  a.  Epi- 
thelium ;  h.  Anterior  elastic 
lamina;  c.  Corneal  corpuscles; 
I.  Lamellse  of  cornea ;  b-d, 
Substantia  propria ;  d.  Des- 
cemet's membrane;  and  e.  Its 
epithelium. 


FlO.  334. — Corneal  Coi-puscles,  and  a  few 
Nerve-Fibrils  of  Frog.   Gold  chloride. 


2.  Nerves  of  the  Frog's  Cornea. — In  a  pithed  frog,  squeeze  the 
head  to  make  the  eyeball  project,  and  with  a  sharp  razor  cut  off  the 
cornea.  Wash  it  in  normal  saline,  treat  it  with  gold  chloride  by 
the  lemon-juice  method  (p.  79). 

After  impregnation  with  the  gold  solution,  with  scissors  make 
three  snips  into  its  margin,  dividing  it  into  three  sections,  so  that 
it  may  lie  flat  on  a  slide.    Mount  in  Farrant's  solution. 

(a.)  (L  and  H)  Observe  the  branching  cornea  coi"puscles, 
arranged  in  many  layers,  one  under  the  other,  readily  seen  by 
raising  or  depressing  the  lens  (fig.  334).  The  numerous  processes 
given  off  from  the  cells  anastomose  with  similar  processes  from 
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adjoining  cells,  not  only  in  the  same  plane,  but  with  cells  lying  in 
planes  above  and  below  them. 

(6.)  The  Nerves. — If  a  part  of  the  sclerotic  is  adherent  to  the 
cornea,  the  fine  medullated  nerve-fibres,  deeply  stained,  are  seen  in 

the  sclerotic  and  passing 
into  the  cornea,  where 
they  lose  their  myelin 
and  become  non-medul- 
lated.  The  larger  non- 
meduUated  fibres  have 
m;clei  in  them,  and  unite 
with  other  fibres  to  form 
a  coarse  plexus  —  the 
ground  or  primary  nerve 
plexus. 

(c.)  From  this  plexus 
finer  bundles  of  fibrils 
proceed  to  form  a  finer 
plexus,  and  from  the 
latter  numerous  fibrils — 
often  with  varicose  swel- 
lings— running  chiefly  in  the  planes  of  the  laminee  are  seen. 

(d.)  {H)  Fine  fibrils  are  seen  in  the  larger  branches  of  the  non- 
meduUated  nerves  (fig.  335).  ... 
If  the  cornea  of  a  rabbit  be  used,  then  tangential  thm  sections 

must  be  made  and  mounted 
in  Warrant's  solution  or 
balsam. 

3.  Inter-Epithelial  Ter- 
mination of  the  Nerve- 
Fibres. — The  cornea  of  a 
rabbit  is  stained  in  i  'per 
cent,  gold  chloride  (25-30 
minutes)  and  reduced  in 
slightly  -  acidulated  water 
(acetic  acid)  by  exposure  to 
Hght  (p.  79).  The  lemon- 
juice  and  formic-acid  method 
must  not  be  used,  as  the 
formic    acid    removes  the 


Fig.  335-- 
Frog. 
fibrils 


-Sub-Epithelial  Nerve-Hexus,  Cornea  of 
11.  Non-medullated  nerve  with  nerve- 
;  a.  Nerve-fibrils,  x  300. 


Fig  qt,6.— V.S.  Cornea  of  Frog.  n.  Nerve-flbres ; 
a  Perforating  fibrils;  r.  Nucleus Inter- 
epithelial  plexus  of  fibrils.   Gold  chloride. 


epithelium.  Make  V.S.  either  by  freezing  or  free  hand  and  mount 
them  in  glycerine  (L  and  H).  ,  j 

(a  )  Observe  sections  of  the  laniellaj  and  corneal  corpuscles,  and 
between  these,  parts  of  the  primary  nerve-plexus  cut  across,  more 
or  less  obliquely,  the  branches  being  finer  towards  the  anterior 
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elastic  lamina.     Bimdles  of  fine  fibrils— the  rami  perforantes— 
perforate  this  membrane  and  spread  out  under  the  anterior  epi- 
thelium to  form  the  sub-epithelial 
plexus,  from  which  fibrUs  proceed  to  igJWMrS^ 
form  a  plexus  of  fine  varicose  fibrils —   mWf  'MjS^ 
the  epithelial  plexus  —  between  the  sg,i' 
epithelial  cells,  where  they  terminate 
in  fine  points,  forming  no  connection 
with  special  end-organs  (fig.  336). 

4.  Cell-Spaces  in  the  Cornea  (Silver 
Method)  (L  and  H). — Pith  a  frog,  scrape 
ofi'  the  corneal  epithelium,  and  rub  the 
surface  of  the  cornea  with  solid  silver 
nitrate.  After  20-30  minutes,  excise 
the  cornea,  mount  it  in  glycerine,  and 
expose  to  light. 

(a.)  The  general  substance  of  the 
section  is  stained  brown,  and  in  it  ar'e 
clear  branching  spaces,  each  one  corresponding  in  shape  to  that  of 


Fig.  337. — Cornea  of  Frog  with  Cell- 
Spaces,  s.  Cell-spaces.  Solid 
silver  nitrate,  x  300. 


Sclerotic. 


Lam.  supra-choroiclea. 


Layer  of  large  vessels. 


(Siyre^'A  -■5-r-'  ■  Limiting  layer. 

'  ■^^^^^^^Sr^^S^Oaaci^  cliorio-capillaris. 

—       —   Hyaline  membrane. 

Pigment  layer  of  retina. 

Fig.  333.— V.S.  Part  of  Sclerotic  anil  the  Chorbiil.   g.  Large  vessels ;  p.  Pigment-cells: 
c.  T.S.  of  capillaries,  x  100. 


a  cornea  corpuscle  (fig.  337).  The  branches  of  adjoining  spaces 
anastomose,  so  as  to  form  a  system  of  juice-canals,  not  only  with 


362 


PRACTICAL  HISTOLOGY. 


[XXXIL 


spaces  in  the  same  plane,  but  also  with  the  spaces  in  lower  and 
deeper  planes. 

5.  Iron  Sulphate  Method  (Lesson  XI.  13). — The  matrix  is  blue 
and  the  spaces  are  clear  and  not  stained. 

THE  SCLEROTIC,  CHOROID,  AND  CILIARY  REGION. 

6,  Sclerotic  and  Choroid  (L.H.).— From  an  eye  hardened  in 
Miiller's  fluid  and  stained  in  bulk  in  borax-carmine  cut  sections  in 
paraffin  to  inckide  the  sclerotic  and  choroid.    Observe — 

(i.)  The  sclerotic  (fig.  338).  (a.)  Composed  mainly  of  bundles 
of  white  fibrous  tissue  crossing  each  other  in  several  directions. 


(h  )  A  narrow  layer,  the  lamina  supra-choroidea. 
(2  )  Inside  this  a  section  of  the  choroid  composed  of  the  foiiow- 
ino-  lavers  from  without  inwards — 
°(a )  Layer  with  large  vessels  and  numerous  branched  pigment- 

cells.    This  forms  by  far  the  thickest  layer. 
(&.)  Limiting  layer. 
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(c.)  The  cliorio-capillaris,  containing  ni;merons  sections  of  capil- 
laries. 

{'I.)  A  basement  or  hyaline  membrane. 
(e.)  Pigment-cells  containing  melanin. 

7.  Pigment-Cells  of  the  Choroid  (L.H.). — From  the  inner  cho- 
roidal surface  of  an  eye  hardened  in  Midler's  fluid  or  spirit,  scrape 
off  a  little  of  the  black  pigment  layer  and  mount  it  in  balsam. 

(a.)  Observe  the  branched  pigmented  cells,  filled  with  brown  or 
black  granules  of  melanin.  The  nucleus  contains  no  pigment 
granules.  If  the  granules  be  discharged  from  the  cells  and  float  in 
a  watery  fluid,  they  exhibit  Brownian  movement.  The  nucleus 
stains  readily  with  hsematoxylin. 

8.  Ciliary  Eegion,  Ciliary  Muscle,  and  Iris. — Make  a  meri- 
dional section  through  the  corneo-scleral  junction  of  a  hardened  eye 
(Miiller's  fluid),  e.g.,  of  an  ox,  cat,  or  rabbit,  so  as  to  include  the 
ciliary  muscle  and  the  iris.  Stain  the  section  in  hsematoxylin  or 
eosin-hgematoxylin,  and  mount  in  balsam ;  or  it  may  be  stained  in 
picro-carmine  and  mounted  in  Tarrant's  solution.  To  preserve  all 
the  parts  exactly  in  position  cut  it  in  celloidin,  or  stain  in  bulk  and 
cut  in  paraffin.    Fix  the  sections  on  a  slide  by  a  fixative. 

(a.)  Observe  the  cornea  passing  into  the  sclerotic,  and  near  it  an 
opening,  the  canal  of  Schlemm  (fig,  339). 

(h.)  From  the  angle  of  the  iris  and  cornea,  running  in  a  fan- 
shaped  expansion,  the  radiating  fibres  of  the  ciliary  muscle,  con- 
sisting of  non-striped  muscle.  The  circular  fibres  cut  transversely 
inside  the  radiating  fibres  are  not  so  well  marked  as  in  the  human  eye. 

(c.)  The  membrane  of  Descemet  splits  up  into  fibres,  some  of 
which  curve  into  the  iris,  others  spread  into  the  ciliary  processes. 
This  region  constitutes  the  ligamentum  pectinatmn  iridis. 

(d.)  The  pigmented  folds  or  ciliary  processes.  A  layer  of  black 
pigment-cells  continuous  with  those  of  the  retina  continued  over 
these  processes,  and  inside  the  pigment  a  clear  impigmented  layer 
of  columnar  epithelium. 

(e.)  The  iris,  composed  of  five  layers  from  before  backwards. 

(i.)  A  layer  of  endothelium  continuous  with  that  covering  the 
posterior  surface  of  the  cornea  (fig.  339,  c). 

(2.)  The  anterior  houndary  layer,  chiefly  consisting  of  branched 
connective  tissue-cells. 

(3.)  vascular  layer,  or  body  of  the  iris,  composed  of  a  stroma 
of  connective  tissue  with  numerous  sections  of  blood-vessels  and 
branched  pigment-cells,  and  at  its  deeper  part  transverse  sections  of 
the  circular  smooth  muscular  fibres,  which  constitute  the  circular 
muscle  or  spliinder  pnpillcv  of  this  organ.  It  is  doubtful  if  a 
dilator  pupiUae  exists  in  man. 

(4.)  The  postei'ior  hyaline  layer,  of  an  elastic  nature. 
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(5.)  Two  layers  of  pigment-cells— the  uvea — the  outlines  of  the 
cells  difficult  to  define,  and  continuous  with  the  epithelium  of  the 
pars  ciliaris  retinae. 

(6.)  Blood- Vessels. — A  large  number  of  blood-vessels  and  nerves 
pass  into  the  iris,  but  their  distribution  must  be  studied  by  the 
methods  already  described  for  such  purposes. 


THE  LENS. 

The  lens  is  developed  by  the  inflection  of  part  of  the  epiblast,  so 
that  it  consists  of  modified  epiblastic  epithelial  cells  invested  by  a 
transparent  capsule.  The  capsule  of  the  lens  is  a  clear  trans- 
parent elastic  membrane,  not  unlike  a  basement  membrane,  but  is 
less  resistant  to  acids  than  the  latter.  Immediately  on  the  inner 
surface  of  its  anterior  part  is  a  layer  of  clear  flattened  epithelial 
cells— hexagonal  and  nucleated— the  remains  of  the  original  cells. 
Tracing  these  cells  towards  the  margin  of  the  lens  they  become 
narrower  and  more  cylindrical,  until  further  on  they  gradually  pass 
into  lens  fibres.  Posteriorly  there  are  no  epithelial  cells  between 
the  lens  and  its  capsule,  the  lens  fibres  resting  directly  on  the 
capsule  itself.  The  lens  fibres  are  modified  epithelial  ceUs,  the 
fibre  constituting  the  principal  part  of  the  cell.  The  cells  are  long, 
soft,  hexagonal  prisms  united  to  each  other  by  more  or  less  toothed 
edges.  The  superficial  fibres  are  longer  and  larger  than  the  deeper 
ones,  and  contain,  or  have  on  their  surface,  nuclei  lying  on  the  part 
that  corresponds  to  the  equatorial  (nuclear)  zone  of  the  fibre.  Ao 
nucleus  is  visible  in  the  central  fibres. 

9.  Methods.— Harden  in  its  capsule,  the  lens  of  a  cat  or  rabbit, 
in  iliiller's  fluid  (2-3  weeks) ;  do  not  place  it  in  spirit,  but  cut  it 

in  a  freezing  microtome,  or  cut  in  cel- 
loidin.  Paraffin  is  not  suitable.  Stain 
the  sections  in  eosin  and  mount  in 
Farrant's  solution.  Make  meridional 
and  equatorial  sections. 

T.S.  Lens— (a.)  (L.H.).  —  Observe 
the  hyaline  capsule — if  present— and 
just  under  its  front  part  a  layer  of 
epithelial  cells,  which,  Avhen  traced 
outwards,  are  seen  to  rapidly  elongate 
into  lens-fibres  (p.  364).  Nuclei  may 
be  seen  on  some  of  the  fibres. 

(b.)  T.S.  of  the  fibres  are  hexagonal 
(fig.  340,  B). 

10  Isolated  Lens  Fibres— Methods.— («.)  Place  the  lens  of  a 
frog  or  fish  in  a  10  per  cent,  solution  of  sulphocyanidc  of  potas- 


ria.  340.—^.  Fibres  of  the  lens ; 
B.  T.S.  of  the  same. 
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sium  (24-36  hours).  Tease  out  a  fragment  of  the  softened  lens  in 
glycerine,  (h.)  Or  use  dilute  sulphuric  acid  (4-5  drops  to  5  cc.  of 
water  for  24-36  hours).  Wash  in  water  to  remove  the  acid.  Stain 
in  carmine  or  hsematoxylin.  (c. )  Methyl-green  feebly  acid,  does  well 
for  fresh-teased  fibres,  but  the  preparations  do  not  keep.  The 
nuclei  on  the  fibres  may  be  seen  in  this  preparation. 

(H)  (a.)  Observe  the  flattened  bands  with  serrated  edges;  the 
teeth  dove-tail  into  each  other.  The  teeth  may  be  seen  from  the 
side  or  directed  to  the  observer. 

RETINA. 

Methods. — (i.)  With  a  sharp  razor  cut  the  eye  of  a  cat,  rabbit, 
pig,  or  other  animal  into  an  anterior  and  posterior  half.  Place  the 
posterior  half  in  2  per  cent,  potassic  bichromate,  or  in  a  mixture  of 
Miiller's  fluid  and  spirit  (two  weeks),  and  complete  the  hardening 
in  spirit. 

(ii.)  Stain  "in  bulk"  in  borax-carmine  for  several  days  the 
whole  posterior  segment  of  the  hardened  eyeball,  then  place  it  for 
a  day  in  acid  alcohol,  and  embed  in  paraffin  and  cut  sections.  Per- 
haps celloidin  is  to  be  preferred  if  the  sclerotic  be  thick.  Fix  the 
sections  on  a  slide  and  mount  in  balsam.  In  this  way  the  whole 
structure  of  the  retina  is  preserved  in  its  relations  to  other  struc- 
tures. 

(iii.)  The  same  process  may  be  adopted  with  the  posterior  seg- 
ment of  the  eyeball  hardened  in  i  per  cent,  osniic  acid. 

(iv.)  Harden  the  retina  in  a  3  per  cent,  solution  of  nitric  acid 
(15-20  mins.).  Wash  out  the  acid,  stain  in  bulk,  and  make  sections. 
Stain  with  eosin  and  methylene-blue. 

(v.)  For  small  eyes,  such  as  those  of  a  lizard,  it  is  sufficient  to 
expose  the  whole  unopened  eyeball  to  the  vapour  of  osmic  acid  for 
several  hours,  and  then  to  stain  the  eyeball  in  bulk  in  borax-carmine. 
Embed  in  paraffin  and  cut  sections  of  the  whole  eyeball.  Or,  expose 
the  eye  of  a  frog  or  triton  to  osmic  acid  vapour  (10  mins.).  Place 
in  40  per  cent,  alcohol  (4-6  hours);  divide  eyeball  by  incision 
parallel  to  edge  of  cornea  ;  bichromate  of  ammonia  (3  per  cent.)  for 
5-10  hours;  wash  in  water;  alcohol;  borax-carmine;  embed  and 
cut  in  paraffin. 

(vi.)  Make  sections  of  an  eyeball  hardened  in  Miiller's  fluid  and 
stain  them  in  eosin-ha^matoxylin.  The  latter  stains  the  granular 
layers  of  the  retina,  while  the  other  parts  are  rosy  in  tint 

(vii.)  Methylene-Blue  Method.— This  is  done  either  byinjectincr 
methylene-blue  (i  in  300  normal  saline)  into  the  blood-vessels  of  an 
animal  just  killed,  and  waiting  two  or  three  hours  thereafter,  or  by 
placing  the  fresh  retina  in  the  same  fluid  and  observing  with  the 
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11.  V.S.  Eetina.— (L) 


E  N 


microscope  the  coloration  of  the  nervous  elements,  especially  the 
cells  in  the  retina.  Mount  in  picrate  of  ammonia  and  glycerine  (p. 
192). 

Beginning  from  within,  i.e.,  next  the 
vitreous,  observe  (fig.  341) — 

{a. )  The  internal  limiting  membrane, 

and  springing  from  it  by  wing-shaped 


KC 


expansions  the  fibres  of  Miiller,  which 
run  vertically  outwards  through  the 
layers  of  the  retina  to  the  outer  limiting 
membrane. 

(6.)  The  fibrous  layer,  composed  of 
the  non-medullated  fibres  of  the  optic 
nerve.  The  fibres  are  medullated  in  the 
optic  nerve,  but  they  lose  their  medulla 
as  they  enter  the  retina.  The  layer  is 
thinner  in  the  anterior  part  of  the 
retina.  Some  of  the  nerve-fibres  end 
in  the  ganglionic  cells  of  the  next  layer, 
but  others  pass  outwards  to  the  inner 
molecular  layer  to  end  by  terminal 
arborisations  there  (shown  by  Golgi's 
method). 

{c.)  The  ganglionic  or  nerve-cell 
layer,  consisting  of  a  single  row  of  large 
multipolar  nerve-cells,  each  cell  with  a 
large  conspicuous  nucleus.  Each  ceU 
gives  off  (i.)  one  thick  process,  which 
may  divide  into  several  processes  which 
pass  towards  and  ramify  by  terminal 
arborisations  in  the  layer  external  to  this, 
and  (ii.)  one  fine  axis-cylinder  process 
towards  the  optic  nerve -fibre  layer, 
where  it  becomes  continuous  with  a 
nerve-fibre.  Between  the  nerve-cells,  or 
in  close  relation  to  them,  sections  of  the 
larger  blood-vessels. 

{tl.)  The  internal  molecular  layer 
appears  to  consist  of  fine  fibrils  or 
™ules  It  is  not  unlike  the  grey  matrix  of  the  cerebrum,  and  is 
traversed  by  the  fibres  of  Miiller  and  also  by  fibres  of  the  optic  nerve, 
and  processes  of  the  cells  of  the  ganglionic  and  inner  granular  layers. 

(e.)  The  internal  nuclear  layer,  deeply  stained,  and  consistmg 
of  several  rows  of  large  spherical  oval  nuclei.  v  t,^w„ 

Some  of  the  granules,  however,  by  other  methods  can  be  shown 
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ElG.  341.— V.S.  Retina  of  Cat.  6. 
Kods  and  cones ;  le,  li.  Exter- 
nal and  internal  limiting  mem- 
branes ;  116.  Nuclei  of  rods  ; 
ph.  Basal  plexus ;  cb.  Bipolar 
cells  ;  cu.  Unipolar  cells  ;  hi. 
Internal  basal  cells ;  pc.  Cere- 
bral plexus;  cm.  Multipolar 
nerve-cells ;  fo.  Fibres  of  optic 
nerve.  On  the  left  the  initials 
of  the  usual  names  for  these 
layers ;  RC.  Kods  and  cones  ; 
EN.,  EG.,  and  IN.,  JG.  Ex- 
ternal and  internal  nuclear 
and  gi'anular  layers;  C.  Cellular 
layer  ;  F.  Fibrous  layer. 
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to  be  bipolar  cells  with  large  nuclei.  The  processes  extend  into  the 
inner  molecular  layer  and  end  in  arborisation,  and  by  Golgi's  method 
the  opposite  processes  have  been  traced  outwards  as  far  as  the 
external  limiting  layer.  Other  branched  cells  supposed  to  resemble 
neurogha  cells  lie  amongst  these  cells. 

(/.)  The  outer  molecular  layer  is  thin,  and  is  composed  of  the 
terminal  arborisations  of  processes  from  the  rods  and  cones  and 
inner  granular  layer. 

{g.)  The  external  nuclear  layer  consists  of  many  more  rows  of 
nuclei  than  in  (e).     They  are  the  nuclei  of  the  rod  and  cone  fibres. 

(7i.)  The  external  limiting  membrane,  cut  across,  and  therefore 
appearing  as  a  thin  clean-cut  line. 

{i.)  The  layer  of  rods  and  cones.  The  rods  are  more  numerous 
than  the  cones,  and  the  latter  are  shorter  than  the  former.  Each 
rod  and  cone  consists  of  an  outer  and  an  inner  segment. 

(,y.)  A  layer  of  hexagonal  pigment-cells,  somewhat  flattened, 
which  sends  pigmented  processes  or  filaments  between  the  rods  and 
cones.  The  length  and  condition  of  these  processes  depends  upon 
the  influences  to  which  the  eye  has  been  exposed  before  death 
(p.  370).  The  pigment  granules,  some  of  which  are  crystalline, 
exist  chiefly  in  the  inner  part  of  the  cells,  and  may  extend  into  the 
cell  processes  which  pass  between  the  rods  and  cones. 

(H)  Study  the  successive  layers.  Although  the  layer  of  rods 
and  cones  and  external  nuclear  layer  have  been  described  as 
separate  layers,  in  reality  they  should  be  studied  together.  Each 
rod  is  continued  inwards  by  a  tapering  fibre — the  rod-fibre ;  in  the 
course  of  the  latter  is  an  oval  nucleus,  the  fibre  itself  ending  in  an 
arborisation  in  the  outer  molecular  layer.  Each  cone  is  similarly 
prolonged  into  a  cone-fibre— thicker  than  the  rod-fibre— which  also 
has  an  enlargement  in  it  containing  a  nucleus.  The  cone-fibre  ends 
like  the  rod-fibre  in  the  outer  molecular  layer.  These  two  kinds  of 
nuclei  intercalated  in  the  course  of  the  rod  and  cone  fibres  make  up 
the  external  nuclear  layer,  which  as  the  rods  and  cones  are  merely 
modified  epithelial  cells — must  be  regarded  as  epithelial  in  their 
origin.  In  a  freshly-teased  retina  the  nuclei  of  the  rod-fibres  are 
marked  by  alternate  transverse  light  and  dim  stripes. 

Each  rod  and  cone  consists  of  two  segments.  The  outer  segment 
of  the  rods  is  clear  hyaline  and  transparent,  and  striated  "trans- 
versely, and  readily  breaks  up  into  transverse  discs.  During  life 
the  external  segments  of  the  rods  contain  the  visual  purple.  °  The 
mner  segment  is  wider,  granular  and  striated  longitudinally.  The 
cones  also  consist  of  a  shorter  tapering  outer  seqment  transversely 
striated,  and  an  inner  bulging  larger,  longitudinally  striated,  segment 
which  is  continued  through  the  external  limiting  membrane  into 
the  cone-fibre. 
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The  outer  segments  are  stained  black  by  osmic  acid,  and  the 
inner  segments  red  by  carmine. 

Study  successively  the  other  layers  to  make  out  some  of  the 
details  already  described  on  p.  366. 

12.  Retina  of  Frog.— (i.)  Place  the  posterior  segment  of  the 
eyeball,  with  its  vitreous  humour  removed,  in  i  per  cent,  osmic 
acid  (24  hours) ;  wash  well,  and  tease  a  fragment  of  the  now 
blackened  retina  in  glycerine.  Observe 

(a.)  The  rods,  each  with  an  outer  and  inner  segment ;  the  outer 
sef^ment,  however,  is  blackened  by  the  osmic  acid,  and  usually 
shows  a  tendency  to  split  transversely. 

(b.)  In  the  cones  there  is  a  small  refractive  oil  globule  between 
the  outer  and  inner  segments.  It  first  becomes  brown,  and  then 
black,  in  osmic  acid.  In  some  animals,  e.g.,  some  birds  and 
reptiles,  the  oil  globule  is  pigmented,  the  pigment  being  held  in 
solution  by  the  fat  of  the  globule. 

(c )  Numerous  pigment  cells,  each  consistmg  of  a  rather  thick 
body,  part  of  which  contains  the  nucleus  and  is  non-pigmented, 
whUe  the  other  half  is  pigmented,  and  sends  numerous  fine  pro- 
cesses between  the  outer  segments  of  the  rods. 

{d.)  Other  parts  of  the  retina  are  also  isolated,  e.g.,  the  nuclei  ot 
the  nuclear  layer  and  the  limiting  membranes. 

(ii.)  Fix  the  whole  eyeball  in  osmic  acid,  and  make  A'.b.  ot  all 
the  coats  after  embedding  in  paraffin  or  celloidin. 

13  Cones.— To  see  large  cones,  place  the  fresh  eye  of  a  cod  in  2 
per  cent,  potassic  bichromate  (2-3  days)  or  osmic  acid  (24  hom-s), 
or  isolate  them  by  dilute  alcohol. 

14  T  S  Optic  Nerve  (L  and  H).— Place  the  optic  nerve  m  2  per 
cent,  ammonium  bichromate  (2-3  weeks)  or  in  Flemming's  mixture 
(10-20  hours).  Make  T.S.  Stain  in  hjematoxyhn  picro-carmme, 
or  safranin,  or  by  Weigert's  method.  Mount  in  balsam.  Double- 
stain  some  in  picro-carmine  and  haematoxylm. 

(a  )  Observe  the  sheaths,  thick  and  well-marked,  sendmg  septa 
into  the  nerve,  and  thus  breaking  it  up  into  small  bundles  of  nerve- 
fibres,  each  surrounded  by  a  fibrous  sheath.  In  the  larger  septa 
are  blood-vessels.  The  anastomosing  septa  form  a  kind  of  alveolar 
svstem,  so  that  a  section  of  this  nerve  is  readily  distinguished. 

(h  )  The  nerve-fibres  are  all  meduUated,  but  they  possess  certain 
peculiarities.  They  are  without  sheath  of  Schwann,  and  the 
fibrous  tissue  runs  paraUel  with  the  nerve-fibres.  _ 

(c)  As  to  the  sheaths,  one  is  continuous  with  the  duia  niatei  , 
under  it  is  a  space,  the  subdural  space ;  inside  is  a  prolongation  of 
the  arachnoid  with  subarachnoid  space,  and  a  thin  continuation  of 

''^''n  desTredTmake  L.S.    This  enables  one  to  note  the  structui-e  of 
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the  nerve-fibres  and  the  arrangement  of  the  connective  tissue.  An 
interstitial  injection  of  osmic  acid  is  a  good  method  for  isolating  the 
structural  elements. 

15.  Blood-Vessels  of  Eyeball. — It  is  not  difficult  to  inject  from 
the  aorta  with  a  carmine-gelatine  mass  the  blood-vessels  of  the  eye- 
ball of  an  animal.  Select  an  albino  rabbit.  Sections  are  mounted 
in  balsam.  One-half  of  the  injected  eyeball  of  an  albino  rat 
mounted  in  balsam  shows  the  connections,  distribution,  and 
arrangement  of  the  blood-vessels. 

16.  The  eyelids.— Harden  the  eyelids  of  an  infant  in  corrosive 
sublimate  or  .  2  5  per  cent,  chromic  acid  (3  or  4  days)  and  then  in 
alcohol,  or  in  alcohol  alone.  Make  sections,  vertical  to  its  surface 
and  transverse  to  its  long  axis,  which  must  be  rather  thick,  and 
mounted  in  balsam  to  show  the  general  arrangement  of  the  parts. 
Finer  sections  are  stained  in  hematoxylin  or  picro-carmine.  Be- 
sides the  sections  of  hair-follicles,  connective  tissue,  and  orbicularis 
muscle,  note  the  Meibomian  glands. 


ADDITIONAL  EXERCISES. 

17.  Fibrils  of  Cornea.— («.)  Macerate  the  cornea  in  lime-water,  baryta- 
water,  or  dilute  potassic  permanganate.  (&.)  A  better  method  is  to  dry  the 
cornea,  make  T.S.,  allow  them  to  swell  up  in  water,  and  stain  with  nicro- 
carmine.  *■ 

18.  Epithelium  of  Lens. -Use  a  small  lens  (frog  or  rat),  and  place  it  for  a 
few  minutes  m  AgNOg  (i :  300).  Expose  to  light  in  glycerine,  and  examine. 
JNote  on  the  anterior  surface  (a.)  silver  lines  bounding  polygonal  areas  cor- 
responding to  the  inter-epithelial  cement.  (6. )  Black  granular  conver^inc.  lines 
corresponding  to  the  cement  between  the  crystalline  fibres  (best  seen  on 
posteiior  surface).  ^ 

19.  Other  Methods  for  the  Eetina.-By  the  usual  methods  of  hardenincr  the 
retina,  it  is  impossible  to  make  out  the  connections  between  its  several  elements 
The  two  methods  which  have  quite  recently  yielded  the  best  results-apart 
from  the  direct  use  of  osmic  acid-are  the  methods  of  Golgi  and  Ehrlich's 
methylene-blue  method.  ^  j-huulu  s 

(a.)  Golgi's  Methods. -Kamon  y  Cayal  has  made  a  large  number  of  prepara- 
tions both  by  the  silver  method  (p.  344)  and  the  rapid  osmico-bLhromate 
method  (p.  345),  especially  on  the  retina  of  birds.    In  this  way  he  has  sZwn 
that  the  protoplasmic  processes  of  the  nerve-cells  of  the  VaiigHonL  lav^^^ 
ramify  in  the  inner  molecular  layer,  and  end  in  terminal  arboriSs  in  sevefa 
planes  in  this  layer.    Several  varieties  of  nerve-cells  with  eTtTnsTe  teS^ 
arbormtions  in  the  other  layers  of  the  retina  are  also  de  c  be^l  by  him 
The  following  medium  method  gives  good  results  ^ 

(1.)  Place  the  retina  and  sclerotic  in  weak  osmico-bichromate  fluid 
(osnucacid,  i  per  cent),  2  cc,  bichromate  of  potaTj3  per 
cent),  20  cc,  for  24  hours.  ^  '■^^ 

2.  Transfer  to  i  per  cent,  silver  nitrate  (24  hours). 
(3.)  Again  for  24  hours,  as  in  (i).  ' 
(4.)  Again  for  24  hours  in  silver. 

2  A 
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(6.)  Methylene-Blue  Metliod.— DogieU  by  means  of  this  method  finds 
that  in  man  there  are  more  nervous  elements  present  than  one  has  been  in 
the  habit  of  supposing.  He  arranges  the  nervous  elements  (in  three  layers) 
and  other  layers  as  follows  : — 

Membrana  limitans    Pigment  epithelium  (I). 

externa.   >    Neuro-epithelial  layer  (II). 

-n  ^  ,  ..if  Sub-epithelial  nerve-cells  (a).  )  .  Quter  eandionic 
External    reticular  J  g^gji^^^^  j^e.^e.^ells  (6).  ^'^^'4^''=''°'^''' 

layer.  I  Bipolar  nerve-cells  (c).  )  ^   \  . 

/  rB.  Layer  of  spongio- 

Inner   reticular      \  Middle  ganglionic  layer.  -!         blasts   of  W. 

layer.  j  o    n  ^  Miiller. 

(  Inner  ganglionic  layer.  C. 
Layer  of  nerve-fibres. 

Membrana  limitans 
interna.   > 

The  neuro-epithelial  layer  embraces  the  layer  of  rods  and  cones  and  subjacent 
external  nuclear  layer.  What  he  calls  the  outer  ganglionic  layer  corresponds 
to  the  inner  nuclear  layer,  and  contains  three  varieties  of /i^^^.^-f  ./^'^^^ 
middle  ganglionic  layer  corresponds  to  a  layer  o  cells-of  wh  ch  theie  aie 
several  varieties  lying  on  the  confines  between  the  internal  granular  (reticu  a 
layer  and  the  internal  nuclear  layer.  These  cells  were  '=-11'^.'^ /P°"f  °^ 
by  W.  Miiller,  but  according  to  Dogiel,  they  are  nerve-cells.  The  muei 
f^anclionic  layer  corresponds  to  the  cellular  layer.  „  ^  .  .  i  i  •„ 
°  20  Epithelium  of  the  Retina. -Harden  the  eye  of  a  frog  in  picro-sulphunc 
acid  "(^4  hours),  stain  in  bulk  in  borax -carmine,  and  make  vertical  sections 

'''^:tcl'Sl%^Sfoni.e  Retina.  _(«.)  Macerate  the  retina  in  Sohieffer- 
decker's  fluid  as  described  for  the  isolation  of  the  cells  of  the  cord  (Lesson  XXX. ), 
using  the  sulphuric  acid  method  to  remove  the  water.  _ 

(b  )  For  Miiller's  fibres  lo  per  cent,  chloral  hydrate  is  good.  _ 

22  Retina  of  FroK  in  Light  and  Darkness.-  a.   Keep  one  frog  m  abso- 
lute kalne's:  for  Sy-six  hLs.    Kill  it  in  the  da.-k,  and  Wen  t^ 
alcohol     (&.)  Place  another  frog  in  direct  sunlight  for  a  ffw  lio"is  /.i  1 
S  ha  den  tie  retina  in  alcohol."  Sections  are  made  and  stained  with  Picro- 
carmine      The  pigment-cells  covering  the  rods  of  the  retina  i«  (^^  af 
S  ted,  wMe  tL'se  in  (6)  are  pushed  out  between  he  segmen^^^^^^^  th^rods. 

23  VS  Macula  Lutea.—Secure  a  human  eye  as  fresh  as  possible.  Jiameii 

it,  and  make  sections  through  the  macula  lutea,  -J  "Jf^^, 
of  its  structure.    There  are  no  rods  m  the  fovea  f         !  J^^^f      the  fovea 
lone  and  narrow.    The  other  layers  are  reduced  to  a  minimum  at  tue  lovea 
centrahs,  but  at  tiie  margins  of  the  fovea  they  are  thicker.    There  are  a  large 

''7^%^'^£lie''TXAr.e.-m^.e  from  an  eyeball  stained  in 
bulk  in  borax-carmine  a  section  longitudinally  through  the  optic  nerve  o 

'''2F"  Eve  of  Triton  Cristatus. -Excise  one  eyeball,  pin  it  to  the  under  surface 
of!U^randfix  ^^J^jr.^^  ^^^Z^l^ ^I^ST^^^ 
L\r':il"  dSc"  hrey^llllnt:  l.o  £y1'  cut  at;the  /^l-tcn-  Place  the 
posterioi"  half  in  dilute  alcohol  (6  to  lo  hours),  and  then  in  picro-caimine  foi 
1  ArcJiivf.  mik.  AnaL,  xxxviii.  p.  317,  1891. 
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the  same  period.  Fix  it  finally  in  osmic  acid,  embed  and  cut  it  in  soft  paraffin. 
The  retina  of  this  animal  is  particularly  serviceable,  because  its  structural 
elements  are  so  large. 

26.  Lachrymal  gland  is  treated  precisely  in  the  same  way  as  the  serous 
salivary  glands  (Lesson  XXIIL). 


LESSON  XXXIII. 


EAR— NOSE. 


EAE. 

1.  Membrana  Tympani  (H).— Fix  it  in  osmic  acid  and  mount 
in  Farrant's  solution.  Observe  the  radiate  yellow-looking  fibres, 
and  also  fibres  disposed  circularly,  the  latter  best  developed  near 
the  periphery  of  the  membrane.  The  thin  epithelial  coverings  on 
the  two  surfaces  of  the  membrane  can  be  seen,  and  so  can  a  few 
fine  blood-vessels. 

2.  Ceruminous  Glands  of  the  Meatus.— Harden  in  absolute 
alcohol  a  portion  of  skin  from  the  external  auditory  meatus,  pre- 
ferably from  a  new-born  infant.  Make  rather  thick  sections,  'stain 
in  hasmatoxylin  and  mount  in  balsam.  Observe  the  ceruminous 
glands,  which  in  some  respects  are  like  the  sweat-glands.  They 
have  a  narrow  duct  and  a  coil,  the  latter  lined  by  a  single  "layer  of 
cubical  cells,  and  the  former  by  several  layers  of  cells,  as  in  a  sweat- 
gland.  In  the  secretory  part  smooth  muscular  fibres  lie  between 
the  epithelium  and  the  basement  membrane.  The  lumen  of  the 
secretory  part  is  very  wide,  and  the  lining  cells  have  a  clear  cuti- 
cular  disc,  and  contain  a  yellowish  pigment  and  fatty  granules 


THE  COCHLEA. 


Methods  -(1.)  In  a  freshly-killed  rabbit  or  guinea-pig,  inject 
by  means  of  a  hypodermic  syringe,  osmic  acid  (i  p.  c.)  thi°ouah  the 
membrana  tympani  into  the  middle  ear.  Cut  away  the  lowev  iaw 
so  as  to  expose  the  large  spherical  osseous  bulla.  Open  the  bulln' 
cut  away  its  walls,  and  expose  the  middle  ear.  On  the  inner  wall 
of  the  latter  are  seen  the  turns  of  the  cochlea.  Cut  away  the 
m' n"" '  Pf  from  the  osseous  cochlea,  and  place  the  latter  n 
Mullers  fluid  a  week),  after  opening  one  of  the  turns,  to  allow  the 
hardening  fluid  to  penetrate.  It  is  better  to  do  this  under  fluid  to 
prevent  air  entering,  as  the  perilymph  escapes.  Decalcify  in  chromic 
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and  nitric  acid  fluid,  and  harden  in  the  dark  in  alcohol.    S  tarn  the 
softened  cochlea  in  bulk  in  borax-carmine.    Embed  m  paraffin  and 
cut  sections  from  base  to  apex  of  the  coiled  tube.    Fix  on  a  slide 
and  mount  in  balsam.    Use  the  other  decalcihed  cochlea,  stamed  as 
above  and  cu.t  it  in  celloidin. 

(ii)  The  following  is  a  better  method  (Eanvier),  and  preserves 
the  finer  structures  in  situ.  Open  the  bulla  of  a  gumea-pig,  and 
cu  orthe  inner  ear.  Make  an  opening  or  two  m  the  ^ns  of  the 
cochlear  tube,  and  place  it  in  1-2  cc.  of  i  per  cent,  gold  ^l^^t 
Add  to  the  gold  solution  from  time  to  time  a  few  cc.  of  the  foUow- 
mixture°.-i  per  cent,  gold  chloride  and  a  fourth  part  of  formic 
acrd^oil,  and  allow  the  mixture  to  cool.  Leave  the  cochlea  in  th^ 
gold  (20-30  minutes),  remove  it,  wash,  and  expose  it  to  hght  m 


t  Membrana  tectoria. 

acid,  and  1000  cc.  of  water. 

3  V  S  Cochlea,  parallel  to  its  axis.  pach 

(a.HU)  The  i^Z  of  the  ^'^^^f^'f^i^^^llr^^^'Xl 
tube  divided  hy  a  transverse  partition-the  lamina  »ii 
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an  upper — scala  vestibuli — and  a  lower  compartment— scala  tym- 
pani ;  the  central  colrnnn  or  modiolus ;  the  last  is  osseous  and 
contains  channels  for  nerves  and  vessels.  The  lamina  spiralis  is 
partly  osseous,  viz.,  that  part  next  the  modiolus,  and  partly  mem- 
branous, viz.,  that  part  next  the  wall  of  the  coclilea ;  the  latter 
part  is  the  membrana  basilaris.  The  osseous  portion  terminates 
in  a  crest — the  crista  spiralis — and  its  free  end  is  scooped  out  into 
a  groove — sulcus  spiralis. 

(b.)  From  the  upper  surface  of  the  lamina  spiralis  ossea  there 
runs  to  the  wall  of  the  cochlea  a  thin  membrane — membrane  of 


Fig.  343.— Scheme  of  the  Canalis  Cochlearis  and  the  Organ  of  Corti.  N.  CocWear|iierve ; 
i.  Inner  row,  and  p.  Outer  rows  of  hair-cells ;  n.  Nerve-fibrils  terminating  in  p ; 
a.  Supporting  cells  for  p ;  d.  Cells  in  the  sulcus  spiralis  ;  G  and  H.  Epithelial  cells ; 
0.  Membrana  reticularis  ;  z.  Inner,  and  y.  Outer  Rod  of  Corti. 


Eeissner — which  completely  shuts  off  a  small  three-sided  cavity 
from  the  scala  vestibuli.  This  is  the  ductus  cochlearis,  canalis 
cochlearis,  or  scala  media.  It  is  bounded  by  the  wall  of  the  cochlea, 
the  membrane  of  Reissner— and  its  base  is  formed  by  the  outer 
part  of  the  osseous  and  the  whole  of  the  membranous  spiral  lamina. 
The  latter  is  called  the  basilar  membrane.  This  cavity  contains 
a  fluid,  the  endolymph,  and  into  it  pass  the  cochlear  branches  of  the 

auditory  nerve  to  end  in  a  complex  structure — organ  of  Corti  

which  rests  on  the  basilar  membrane. 

(c.)  Note  in  the  scala  media  a  membrane— membrana  tectoria 
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— ^which  arises  from  the  lamina  spiralis  ossea,  and  spreads  over  so 
as  partially  to  cover  the  organ  of  Corti.  The  organ  of  Corti  con- 
sists of  two  rows  of  pillars — inner  and  outer — the  rods  of  Corti — 
which  meet  above,  forming  arches,  and  leave  a  three-sided  tunnel 
between  them.  Internal  and  external  to  these  are  rows  of  cells, 
some  of  them  provided  with  fine  bristles— hair-cells— constituting 
the  cells  of  Corti  and  Deiters.  Some  of  these  cells  are  the  actual 
terminal  end-organs  of  the  coclilear  nerve,  and  others  are  susten- 
tacular  in  function.  The  scala  vestibuli  and  scala  tympani  com- 
municate at  the  apex  of  the  cochlea,  as  shown  in  fig.  342,  V.T. 

(H)  Observe  the  rods  of  Corti,  the  inner  more  numerous  than 
the  outer,  and  how  the  head  of  the  one  lies  over  the  head  of  the 
other.  The  rods  vary  in  length  and  span,  in  different  parts  ot 
the  cochlea.  Internal  to  the  inner  rods  is  a  single  row  of  hair- 
cells,  and  external  to  the  outer  rods  are  several  rows  of  hair-ceUs. 
Between  the  latter  are  supporting  cells,  and  beyond  them  are 
columnar  epithelial  cells  (fig.  343).  The  rods  and  hair-cells  are 
covered  by  a  special  membrane,  seen  in  section,  which  is  perforated 
by  the  upper  ends  of  the  hair-cells— membrana  reticularis— the 
basilar  membrane  terminating  towards  the  wall  of  the  cochlea  in  a 
fibrous  expansion,  the  spiral  ligament. 

The  student  must  give  considerable  time  and  attention  to  the 
subject  if  he  wishes  to  get  preparations  showing  the  structure  of  all 
the  parts.  It  is  difficult  to  keep  the  parts  from  falling  asunder,  and 
if  the  ear  be  not  properly  decalcified,  bubbles  of  gas  are  discharged 
within  the  cochlea,  which  rupture  the  finer  parts  ;  hence  arises  the 
necessity  for  opening  the  cochlea  and  fixing  the  parts  with  a  "  fix- 
ing "  medium  previous  to  decalcifying  it. 

4  Semicircular  Canals.— Fix  the  membranous  semicircular 
canals,  and  their  ampidte,  of  a  skate  in  Flemming's  or  Fol's  fluid. 
Harden  in  alcohol.  In  the  ampullte  are  the  terminations  of  the  audi- 
tory nerve  in  the  crista  acustica.  Make  T.  S.  of  the  canals  and  V.  S. 
of  the  crista  acustica ;  in  the  latter  case  take  care  to  include  the 
entrance  of  the  nerve-fibres.  The  preparation  of  suitable  specimens 
to  stain  the  termination  of  the  nerves  in  the  crista  acustica  presents 
very  considerable  difficulties.  The  student  may  have  to  repeat  the 
process  several  times  if  he  wishes  to  get  typical  specimens. 


THE  NOSE. 


5  Olfactory  Mucous  Membrane.— Divide  longitudinally  the 
head  of  a  freshly-killed  rabbit.  Place  small  pieces  of  the  olfactory 
mucous  membrane-readily  recognised  by  its  brownish  colour-- 
in  dilute  alcohol  (2  hours),  and  then  in  i  per  cent,  osmic  acid 
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(24  hours).  Harden  in  alcohol,  make  V.S.,  stain  with  hsematoxylin, 
and  mount  in  balsam. 

(a.)  (L)  Observe  on  the  surface  the  row  of  columnar  epithelial 
cells  with  oval  nuclei,  and  under  these  numerous  rows  of  cells  with 
spherical  nuclei.  At  the  base  of  the  latter  a  row  of  more  granular- 
looking  basal  cells  (fig.  344).  The  basis  of  the  mucous  membrane 
composed  of  connective  tissue  with  sections  of  numerous  glands — 
Bowman's  Glands.  Sections  of  blood-vessels  and  branches  of  the 
non-medullated  olfactory  nerve  may  also  be  seen. 

6.  Isolated  Olfactory  Cells.  ^ — Place  small  pieces  of  the  olfactory 


Fig.  344.— V.S.  Olfactory  Region  (Babbit),  s.  Disc  JiG.  345.  —  Olfactory 
oa  cells;  zo  and  zr.  Zones  of  oval  and  round  Cells.  iV.  Human  ; 
nuclei ;  b.  Basal  cells ;  dr.  Part  of  Bowman's  n.  Frog  ;  E.  Sup- 
glands  ;  n.  Branch  of  olfactory  nerve.  porting  cell. 


mucous  membrane  in  dilute  alcohol  (24  hours).  Fix  the  membrane 
in  I  per  cent,  osmic  acid  (5  minutes).  Stain  the  pieces  in  bulk  in 
picro-carmiue  (24  hours).  Scrape  off  a  little  of  the  stained  and 
softened  epithelial  covering  and  mount  it  in  glycerine. 

(H)  (a.)  Observe  the  olfactory  cells  as  very  narrow,  cylindrical, 
elongated  cells  with  a  large  spherical  nucleus,  much  broader  than 
the  body  of  the  cell.  The  free  surface  carries  fine  cilia,  but  they 
are  apt  to  be  displaced  in  the  process  of  teasing  the  tissue  (fig.  345). 

(h.)  Supporting  cells,  not  unlike  columnar  epithelium,  but  they 
have  a  large  oval  nucleus  (fig.  345,  E).    They  have  a  long  central 


376 


PRA.CTICAL  HISTOLOGY. 


[XXXIII. 


process.  The  free  surface  of  the  cell  is  covered  by  a  clear  hem,  but 
its  exact  constitution  and  significance  are  unknown. 

(c.)  There  may  also  be  found  large  granular  polygonal  cells 
derived  from  Bowman's  glands — their  acini  and  ducts. 


ADDITIONAL  EXERCISES. 
Olfactory  Bidb. 

1.  This  is  a  very  complicated  structure,  and  has  been  investigated  recently 
by  Golgi  and  K.  y  Cayal.  The  bulb  of  a  new-born  animal  is  hardened  by 
Golgi's  rapid  method  and  sections  made.  It  contains  a  layer  of  white  nerve- 
fibres,  and  under  this  large  nerve-cells — mitral  cells — and  one  remarkable 
arrangement  known  as  olfactory  glomeruli,  which  are  nests  of  fibrils,  formed 
partly  by  the  terminal  arborisations  of  the  processes  of  mitral  cells  and  by  non- 
medullated  nerve-fibres  of  the  olfactory  nerve,  which  are  passing  onwards  to 
terminate  in  the  olfactory  epithelium. 

2.  Olfactory  Kegion  by  Golgi's  Method. — The  mucous  membrane  of  the 
olfactory  region  is  placed  for  7  days  in  Golgi's  osmico-bichromate  fluid,  then  in 
silver  nitrate,  and  liardened  in  alcohol.  One  often  fails,  but  if  a  successful 
preparation  be  obtained  the  ends  of  the  olfactory  nerve  are  seen  passing  into 
the  olfactory  cells. 

3.  T.S.  Nose. — Harden  the  whole  nose  of  a  mouse  in  Miiller's  fluid,  stain  in 
bulk  in  borax-carmine,  and  make  T.S.  across  the  whole  organ  to  show  its 
walls,  septum,  turbinated  bones,  respiratory  and  olfactory  regions.  In  such 
animals  as  possess  a  well-developed  organ  of  Jacobson  study  it.  In  it  also, 
if  a  young  animal,  will  be  found  beautiful  sections  of  developing  tooth. 


LESSON  XXXIV. 

TERMINATION  OP  NERVES  IN  SKIN  AND  SOME 
MUCOUS  MEMBRANES. 

Sensory  nerve-fibres  terminate  in  the  skin  and  mucous  mem- 
branes in  three  ways  : — 

(I.)  Free  nerve-endings,  i.e.,  by  intra-epidermic  fibrils. 
(II.)  In  special  terminal  corpuscles. 

(III.)  In  neuro-epithelial  cells,  i.e.,  specially  modified  epithe- 
lial cells,  as  the  rods  and  cones  of  the  retina,  the 
auditory  hairs  in  the  ear,  the  inner  cells  of  taste-buds 
and  olfactory  ceUs. 
I.  Free  nerve-endings  occur  especially  in  stratified  epithelium, 
e.fj.',  in  the  skin,  mouth,  and  cornea  (Lesson  XXXII.).    The  nerve- 
fibres  lose  their  myelin  and  primitive  sheath,  and  the  axis-cyhnder 
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splits  up  into  fine  fibrils,  which  penetrate  into  the  epithelial  layer 
and  run  between  the  epithelial  cells,  and  sometimes  anastomose 
Avith  each  other,  to  end  in  free  points  which  do  not  form  connec- 
tions with  any  structure  in  the  epidermis.  In  the  skin  these 
fibrils  are  confined  to  the  rete  Malpighii,  and  do  not  reach  the 
stratum  granulosum. 

I.  V.S.  Skin  {gold). — Use  boiled  gold  chloride  and  formic  acid 
{p.  372).  Take  very  small  pieces  (2  mm,  cubes)  of  the  palmar 
skin  of  the  fingers  or  toes,  preferably  from  a  new-born  child  or  a 
young  infant ;  cut  away  all  the  adipose  tissue,  and  place  the  pieces 
in  the  gold  mixture  for  at  least  one  hour.  Then  place  the  tissue  in 
slightly  acidulated  water,  and  expose  to  sunlight  until  the  gold  is 
reduced.  Harden  in  alcohol,  and  mount  the  sections  in  formic 
glycerine. 

(H)  Observe  the  blackened  fine  nerve-fibrils.  Some  of  them 
beaded,  ruiming  between  the  epithelial  cells  (fig.  336). 

II.  Terminal  Corpuscles. — They  are  very  varied  in  their  form, 
and  include  the  following  : — 

A.  Simple  tactile  cells. 

B.  Compound  tactile  cells. 

C.  End-bidhs  ivith  many  modifications. 

D.  Toucli-corpuscles. 

A.  Simple  Tactile  Cells— V.S.  Skin  {gold)  (H).— -Treat  very 
small  pieces  of  the  human  skin  . .  ..>.^^ 

(volar  surface  of  finger  or  toe)  "  '  " 

or  the  snout  of  a  pig  by  the 
boiled  gold  formic  acid  method. 

(a.)  Observe  a  nerve-fibre 
{fig.  346,  n)  passing  towards  e. 
and  entering  the  epidermis, 
where  it  is  non-meduUated  and  a 
splits  into  fibrils,  which  ter- 
minate in  oval,  nucleated,  tactile 
discs  or  menisci  {m),  each  of 
Avhich  lies  under .  a  tactile  cell 
(a).  The  cells  are  6-12  ^  in 
length,  and  lie  in  the  deeper 
part  of  the  epidermis. 

B.  Compoimd  Tactile  Cells,  called  also  Grandry's  and  Merkel's 
Corpuscles  consist  of  two  or  more  cells  (15  x  50  /x)  piled  one  on 
the  other ;  between  each  two  cells  is  a  disc  or  plate— tactile  disc— 
which  IS  connected  with  the  axis-cylinder  of  a  nerve.  The  cells 
have  a  large  pale  nucleus,  and  the  whole  is  surrounded  by  a  fibrous 
capsule.    The  nerve  loses  its  myelin  after  it  passes  into  the  orcran 


■Tactile  Cells,  Snout  ot  Pig.  n.  Kerve- 
a.  Tactile  cell ;  m.  Tactile  disc. 
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Fig.  347.— Tactile  Corpuscles,  Bill  of  Duck, 
A.  With  three,  and  B.  With  two  tactile 
cells.  The  axis-cylinder  terminates  in  the 
tactile  disc  (black). 


and  its  sheath  becomes  continuous  with  the  fibrous  capsule.  So 

far  these  structures  have  been 
found  only  in  the  bill  and  tongue 
of  birds,  e.g.,  duck.  They  lie  in 
the  coriura,  close  under  the  epi- 
dermis (fig.  347). 

3.  T.S.  Tongue  or  Bill  of 
Duck  (Grandry's  Corpuscles) 
(L  and  H). — Harden  in  i  per 
cent,  osmic  acid  small  pieces  of 
the  marginal  part  of  the  tongue 
or  the  sieve-like  structure  on 
the  edges  of  the  mandibles  of  a 
duck.    Treat  other  small  pieces  by  the  boiled  gold  chloride  method. 
(a.)  Observe  the  tactile  cells  and  discs  as  in  tig.  347. 
C.  End-bulbs  are  small,  oval,  or  cylindrical  bodies  of  various 
shapes.    A  nerve-fibre  enters  one  pole,  and  as  it  does  so  it  loses  its 
myelin  and  terminates  in  a  softer  granular  inner  core.    The  bulb — 

which  may  be  cylindrical  in  shape 
— consists  of  a  tough  fibrous  cap- 
sule continuous  with  the  sheath  of 
the  nerve  ;  and  a  softer  inner  core 
in  which  the  axis-cylinder  ter- 
minates. Such  bodies  are  found 
in  the  connective  tissue  of  the 
mucous  membrane  of  the  mouth 
and  conjunctiva.  It  is  not  difiicult 
to  isolate  them  from  the  conjunc- 
tiva of  a  calf  (fig.  348).  They  lie 
in  the  sub  -  epithelial  connective 
tissue.  Certain  special  forms  of 
them  occur  in  the  genital  organs, 
e.g.,  chtoris,  and  in  connection  with 
joints.  A  special  form  is  known 
as  Pacinian  corpuscles. 

4.  Pacinian  Coi-puscles  (Caf). 
—These  are  elliptical  transparent  bodies  (2-3  mm.  long  and  i  mm. 
thick),  readily  found  in  the  meso-colon  and  mesentery  of  a  cat. 
They  consist  of  many  concentric  fibrous  lamina?,  arranged  like  the 
coats  of  an  onion,  surrounding  a  central  core,  which  is  continuous 
with  the  axis-cylinder  of  a  nerve.  The  lamellae  are  lined  on  both 
surfaces  by  endothelium,  which  can  be  stained  with  silver  nitrate 
(flcr  350)  The  capsules  are  closer  together  near  the  centre  than 
they  are  at  the  periphery.  Examine  one  fresh  in  normal  saline, 
and  "fix"  another  with  osmic  acid  and  mount  it  in  Farrauts 


FlO.  348.— End-Bulb  from  Human  Con- 
junctiva, a.  Nucleated  capsule ;  6. 
Core ;  c  and  d.  Nerve  terminating 
in  d. 


Fig.  349. — Pacini's  Corpuscle,  from  Mesen- 
tery of  Cat.  c.  Capsules  ;  d.  Endotlie- 
lial  lining  sepai-ating  the  latter;  n. 
Nerve ;  /.  Funiculai'  sheath  of  nerve  ; 
m.  Central  mass  ;  n'.  Terminal  fibre  ; 
and  a.  Where  it  splits  up  into  finer 
fibrils.  Examined  in  fresh  normal 
saline. 


Fig.  350. — Endothelium  of 
Lamellaj  of  a  Pacinian 
Corpuscle.  Silver  nitrate. 


continuous  'vvith  the  lamellae  of  the  corpuscle,  and  the  nerve — still 
provided  with  its  myelin  and  sur- 
rounded by  its  endoneurium  —  pierces 
the  lamellae  and  reaches  the  central 
part  of  the  corpuscle.  The  endoneurium 
seems  to  form  a  soft  core  round  the  axis- 
cylinder,  which  usually  splits  up  at  the 
further  end  into  a  tuft  of  fibrils  (fig. 
349)- 

5.  T,S.  Pacinian  Corpuscles. — They 
lie  in  the  subcutaneous  tissue.    In  a 
V.S.  of  foetal  skin  from  the  palmar 
surface  of  a  digit  (Lesson  XXIX.  5)  it  fig.  351.— t.s.  Pacinian  Corpuscle, 
is  easy  to  find  these  bodies  cut  obliquely  ^^'""'^ 

or  transversely.  Fig.  351  shows  their  appearance  when  cut  trans- 
versely. Harden  the  skin  in  alcohol  or  osmic  acid.  Stain  in  picro- 
carmine  or  hsematoxylin. 

6.  Herbst's  Corpuscles  (H)  are  modified  Pacinian  corpuscles, 
occurring  in  the  mucous  membrane  of  the  tongue  of  the  duck.  They 
lie  in  the  corium,  just  under  the  epidermis.  Harden  the  tongue  or 
bill  as  for  tactile  corpuscles  (p.  378),  or  use  absolute  alcohol,  and 
stain  the  tissue  in  bulk  with  borax-carmine.    Mount  in  balsam. 
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(a.) 


Observe  the  same  general  arrangement  as  in  Pacinian  cor- 
puscles. These  bodies,  however,  are  more 
elongated,  and  the  axis-cylinder  in  the 
centre  is  bordered  by  a  row  of  nuclei. 

D.  Touch-Corptiscles  of  Wagner  or 
Meissner.  —  These  are  elliptical  bodies 
(40-1 50  IX  long  and  30-60  /jl  broad),  which 
occur  in  the  papillae  of  the  skin,  especially 
in  the  volar  side  of  the  fingers  and  toes. 
A  nerve-fibre  passes  to  each  corpuscle, 
which  has  a  fibrous  sheath.  Owing  to  the 
way  in  which  the  divisions  of  the  nerve 
twist  round  the  corpuscle,  they  have  an 
irregular  transversely  striated  appearance. 
The  nerve-fibre  enters  the  corpuscle,  and 
its  branches  take  a  coiled  course  round  the 
corpuscle. 

7.  V.S.  Skin  (Touch-Corpuscles).— (i.) 

Make  vertical  sections  of  skin  (palmar 
surface  of  digit),  harden  in  alcohol,  stain 
them  in  hsematoxyhn  or  safranin,  and 
mount  in  balsam  (6g.  352). 

(ii.)  Treat  skin  by  the  boiled  gold 
chloride  method  to  see  the  terminal 
branches  and  distribution  of  the  nerve 
within  the  corpuscle  (fig.  353).  In  some 
situations  the  corpuscles  are  compound. 

The  following  Table  shows  the  modes 
of  termination  of  nerve-fibres  in  sensory 
surfaces : — 


Fig.  352.— V.S.  Skin,   

Hand.  &.  Papilla  of  cutis ; 
d.  Nerve-fibre  in  touch-cor- 
puscle ;  e,  f.  Nerve-flbre  in 
touch-corpuscle ;  g.  Cells  of 
Malpighian  layer.  Alcohol 
and  safranin. 


Free  nerve-end- 
ings (cornea, 
skin). 


II. 


III. 


Simple  tactile- 
cells  (human 
skin). 

Compound  tac- 
tile-cells 
(bii-ds,  e.g., 
duck's  bill 
and  tongue). 


IV. 


Cylindrical  end-bulbs 
(conjunctiva). 

Herbst's  corpuscles 
(tongue  of  duck). 

Pacinian  or  Vater's 
corpuscles(deeppart 
of  skin,  mesentery 
of  cat,  and  near 
joints). 

Genital  corpuscles 
(clitoris). 

Wagner's  touch-cor- 
puscles (papillce  of 
skin). 


Neuro  -  epithe- 
lium (retina, 
internal  ear, 
olfactory  re- 
gion of  nose, 
and  organ  of 
taste). 
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ADDITIONAL  EXERCISES. 

8.  Tactile  Hairs  and  Nerves  to  Hair-Follicles. —These  are  to  be  studied 
by  the  boiled  gold  chloride  method.  ^ 


no.  qcq.— Wagner's  Touch-Corpuscle,  I'IG.  354.— Organ  of  Eimer,  Nose 

Skm  of  Hand.   n.  Nerve ;  a.  Ter-  of  Mole.   n.  Nerve  ;  e.  Epi- 

mlnations  of  Ji.  Gold  chloride.  thelium.   Gold  chloride. 


9.  Organ  of  Eimer. — Prepare  the  nose  of  the  mole  by  the  gold  chloride 
method.  In  sections  study  the  termination  of  the  nerve-fibrils  in  the  structure 
known  as  the  organ  of  Eimer  (fig.  354). 


LESSON  XXXV. 
THE  TESTIS. 

The  frameivorlc  of  the  testis  (fig.  355)  consists  of  a  strong,  tough, 
fibrous  capsule — the  tunica  albuginea — which  is  covered  externally 
by  endothelium  reflected  from  the  serous  membrane — the  tunica 
vaginalis.  At  the  back  part  of  the  organ,  the  tunica  albuginea  is 
prolonged  for  some  distance  (8  mm.)  into  the  gland  to  form  the 
corpus  Highmori  or  mediastinum  testis.  From  the  under  surface 
of  the  tunica  albuginea  septa  or  trabeculsB  pass  towards  the  corpus 
Highmori,  and  thus  subdivide  the  gland  into  compartments  or  lobules 
(about  120  in  number),  with  their  bases  directed  outwards  and 

1  Hoggan,  Jour,  of  Anat.  andPhys.,  1892. 
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Septa. 

Tunica  albuginea. 

Cavity  of  tunica 
vaginalis. 

Outer  layer  of  tunica 
vaginalis. 

Vas  deferens  cut. 
SpeiTuatic  vein. 


Arteries.     Corpus  Epididy- 
Highmori.  mis. 

Fig.  355.— T.S.  of  Testis. 


their  apices  towards  the  corpus  Highmori.  The  tunica  albuginea 
consists  of  dense  fibrous  tissue,  but  it  is  of  looser  texture  internally, 
■where  it  has  numerous  vessels  and  lymphatics.    This  inner  layer  is 

sometimes  called  the  tunica 
vasculosa,  and  is  continuous 
with  the  septa.  Each  lobule 
contains  2-8  seminal  tubules. 
These  convoluted  tubules  (800) 
begm  by  a  blind  extremity, 
and  are  of  considerable  length 
(30-50  cm.)  and  of  nearly 
uniform  diameter  (.3  mm.  or 
140  /x).  The  tubules  of  any 
one  compartment  unite  at 
acute  angles  to  form  a  small 
number  of  much  narrower 
straight  tubules  (20-25  /^) — 
tubuli  recti — which  pass  into 
the  mediastinum  and  there  form  a  network  of  inter-communicating 
tubules  of  irregular  diameter  (24-180  fji) — rate  testis  (fig.  356). 

From  this  proceed  12-15  wider 
ducts — vasa  eflferentia — which 
are  straight  at  first,  but  some 
become  convoluted  and  form  a 
series  of  conical  eminences — 
cord  vasculosi — which  together 
form  the  head  of  the  epididy- 
mis. The  epididymis,  consist- 
ing of  a  single  convoluted  tube 
(600  cm.,  or  20  feet  long),  is 
continued  into  a  thick-walled 
muscular  tube  —  vas  deferens 
(60  cm.,  or  2  feet  long) — which 
conducts  the  secretion  to  the 
urethra,  and  is,  in  fact,  the 
excretory  duct  of  the  testis. 

The  seminiferous  tubules 
consist  of  a  thick  membrane 
composed  of  flattened  nucleated 
cells,  arranged  like  membranes 
and  lined  internally  by  a  base- 
ment membrane.  The  latter  is 
lined  by  several  rows  of 
cubical  cells,  which  differ  much  in  appearance,  according _  to 
the  functional  activity  of  the  organ.     In  the  resting  condition, 


Tulaulus 
rectus. 


End  of  con- 
voluted tube. 


Becoming 
narrowed. 


Fig.  356-- 


Bete  Testis. 


-Convoluted  and  Straight  Tube  of 
Testis. 
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the  tubes  are  lined  by  several  layers  of  more  or  less  cubical  cells, 
whose  nuclei  stain  more  or  less  deeply  with  staining  reagents.  In 
an  active  gland  in  some  tubules  some  of  the  clear  cubical  cells  of 
the  outer  row  of  cells — lining  epithelium — contain  nuclei  under- 
going mitotic  division.  The  rows  of  cubical  cells  internal  to  these 
have  a  radiate  arrangement,  and  are  separated  into  groups  by  larger 
structures,  sometimes  called  spermatoblasts,  and  by  other  observers 
sustentacular  cells,  which  grow  up  between  the  smaller  cells, 
and  at  their  upper  ends  are  connected  with  the  spermatozoa.  Inside 
the  layer  of  lining  epithelial  cells  are  several  rows  of  larger  cells — 
spermatogenic  cells — with  nuclei  showing  different  stages  of 
mitosis.  Next  the  lumen,  which  is  always  well  defined,  in  some  of 
the  tubules  are  spermatozoa  iu  different  stages  of  development.  In 
others,  however,  not  so  far  advanced,  the  inner  row  of  cells  consists 
of  smaU  protoplasmic  cells — the  true  spermatoblasts — as  from  these 
cells  the  spermatozoa  are  developed.  The  developing  spermatozoa 
rest  by  means  of  their  heads  on  the  sustentacular  cells.  The  sper- 
matozoa are  arranged  in  tufts  or  groups,  with  their  tails  towards 
the  lumen.  The  spermatozoa  gradually  develop  from  the  true 
spermatoblasts  and  pass  towards  the  lumen,  and  as  they  are  set 
free  new  spermatoblasts  are  formed  by  the  mitotic  division  of  the 
spermatogenic  cells. 

The  straight  tubules  are  lined  by  a  single  layer  of  flattened 
epithelium;  the  rete  testis  has  no  basement  membrane,  but  it 
also  is  lined  by  a  single  layer  of  flattened  epithelium.  The  vasa 
efferentia  and  the  tube  of  the  epididymis  have  smooth  muscular 
fibres  in  their  walls,  and  are  lined  by  columnar  ciliated  epithelium, 
the  cilia  being  very  long. 

The  interstitial  tissue  of  the  testis  between  the  tubules  is  very 
loose  in  texture  and  laminated,  and  has  numerous  lymphatic  slits. 
In  some  animals  (rat,  boar)  are  numerous  polyhedral,  nucleated, 
sometimes  pigmented,  cells,  the  remains  of  the  cells  of  the  Wolffian 
bodies. 

The  vas  deferens  consists  of  a  fibrous  coat  investing  an  outer 
thick  layer  of  smooth  muscle  arranged  longitudinally ;  inside  this 
is  a  thick  layer  of  smooth  muscle  arranged  circularly ;  inside  this 
again  is  a  submucous  coat  of  connective  tissue.  In  some  parts  of  the 
tube  there  is  a  layer  of  smooth  muscle  arranged  longitudinally  just 
internal  to  the  circular  coat.  Then  follows  the  mucosa  lined  by 
columnar  non-ciliated  epithelium. 

Methods.— (i.)  Harden  the  fresh  testis  in  Miiller's  fluid  (2 
weeks).  If  it  be  large,  cut  it  into  small  pieces.  The  capsule  exerts 
considerable  pressure  on  the  gland  substance,  so  that  when  the  testis 
IS  cut  into,  the  latter  projects  somewhat.  Complete  the  hardenin<T 
m  alcohol.    Corrosive  sublimate  is  a  good  hardening  reagent.  Stain 
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sections  in  litematoxylin  or  picro-carmine,  and  mount  in  balsam. 
The  hardened  testis  of  a  small  animal,  e.g.,  rat,  should  also  be 
stained  in  bulk  in  borax-carmine  or  Kleinenberg's  logwood,  and  cut 
in  paraffin,  so  as  to  include  the  body  of  the  testis  and  the  epididymis. 

Mount  in  balsam.  1 1  i  -n  i 

(ii.)  Harden  very  small  pieces  of  the  testis  of  a  ireshiy-kiUed 
rat  or  mouse  in  ^lemming's  mixture  and  stain  the  sections  in 
safranin.  A  very  small  testis  is  taken,  as  Flemming's  fluid  only 
penetrates  a  few  mm.  into  the  tissue.    This  is  for  the  study  of 

spermatogenesis.  _     ,    ,  ,     -,11      n    j.  • 

(iii.)  Harden  the  testis  of  a  frog  in  absolute  alcohol  and  stain 
it  in  bulk  in  Kleinenberg's  logwood.  .    ,   ^  .j  i 

(iv  )  Harden  the  testis  of  the  dogfish  in  Flemming  s  fluid  and 
stain  the  sections  in  hematoxylin  or  safranin.  This,  as  shown  by 
Swaen,  is  an  exceUent  object  for  the  study  of  spermatogenesis. 

(v  )  Harden  the  testis  of  a  mouse,  salamander,  or  frog  m  the 
following  fluid  1  in  which  platinic  chloride  is  substituted  for  the 
chromiclicid  in  Flemming's  chromo-aceto-osmic  acid  mixture  :— 

Hermann's  Fluid. 
Platinic  chloride  (I  per  cent.)  .       15  parts. 

Osmic  acid  (2  per  cent. )        .  •        ^  '\ 

Glacial  acetic  acid     .  .  .         i  pavt. 

The  above  is  used  for  the  tissues  of  mammals;  but  if  a  salamander 
testis  is  used,  then  take  only  2  parts  of  the  osmic  acid. 

After  2-3  days  the  details  of  the  cells  are  better  brought  out 
than  with  Flemming's  solution.  Complete  the  hardening  m  alcohol. 
Make  sections  in  paraffin,  fix  them  on  a  slide  with  albumin  fixative, 
and  stain  for  24-48  hours  in  the  foUowing  safranin  fluid  :— 

Safranin        .  .  •  •         i  g''^^^- 

Alcohol        .  ■          •  .  locc. 

Water  .  •  •  •  9° 

After  staining,  wash  in  water,  acid-alcohol  and  alcohol,  but  do 
not  remove  ail  the  surplus  safranin.  Then  stain  for  3-S  minutes 
in  a  gentian-violet  solution.    Decolorise  the  _  sections  by  means  0 
Gram's  method  (p.  105),  i.e.,  after  washmg  m  alcohol,  place  them 
for  1-3  hours  in  the  following  fluid- 
Iodine         .         .         •         •  i^^i^- 
Potassic  iodide  .  •  •       2  grams. 

Water  •  •  •          •    30o  cc. 

until  they  are  quite  black,  and  then  differentiate  them  in  alcohol. 

^TtS  ^Testis  (Eat).~{a.)  Observe  the  thick,  tough,  fibrous 
tunica  albuginea  with  sections  of  large  blood-vessels  and  lymphatics 
1  ArcJiivf.  mik.  Anal.,  xxxiv.  p.  58. 
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ia  its  deeper  part.  From  its  under  surface  septa  pass  into  the 
gland  at  fairly  regular  intervals,  thus  dividing  it  into  a  series  of 
compartments  or  lobules.  At  the  upper  and  back  part  is  the 
fibrous  septum — corpus  Highmorianum  or  mediastinum  testis. 
Many  of  the  septa  are  connected  with  it. 

{h.)  In  the  lobules  lie  twisted  or  convoluted  tubules — the  semi- 
niferoxis  tubules — which  converge  towards  the  mediastiniim  and 
form  near  it  a  number  of  straight  tubes — the  tubuli  recti — which 
in  their  turn  unite  and  form  the  rete  testis  in  the  mediastinum, 
and  from  this  proceed  the  vasa  efferentia,  which  run  to  join  the 
canal  of  the  epidid3miis  (fig.  356). 

(c.)  The  tubules  in  a  state  of  activity  are  distinguished  from 
the  resting  ones  by  the  intensely  stained  heads  of  the  young 
spermatozoa.  An  active  tubule  is  lined  by  several  rows  of  poly- 
gonal cells,  some  of  which  are  larger  than  the  others.  Embedded 
amongst  the  cells,  near  the  lumen  of  the  tube,  are  bunches  or 
tufts  of  spermatozoa,  best  seen  in  longitudinal  sections  of  the 
tubes.  The  heads  are  directed  towards  the  wall,  and  the  tails 
towards  the  lumen  of  the  tube. 

{d.)  In  some  animals  the  interstitial  tissue  between  the  tubules 
is  chiefly  formed  by  thin  flattened  membranes  of  connective  tissue ; 
but  in  others,  e.g.,  boar,  the  matrix  consists  of  numerous  pigmented, 
polygonal,  very  granular  cells — interstitial  cells. 

2.  Spermatogenesis  {Rat).— In  order  to  see  the  structure  of 
the  seminiferous  tubules  to  the  best  advantage,  harden  small 
pieces  of  the  testis  of  a  rat,  or  a  guinea-pig,  as  directed  under 
V.  and  ii.  (p.  384).  To  keep  the  parts  together,  cut  in  paraffin. 
The  best  stain  is  safranin.  Fix  a  thin  T.S.  of  a  tubule  under  a 
high  power. 

(a.)  Observe  the  rather  thick  wall — memhrana  pro^jria — of  the 
tubule,  composed  of  flattened  cells,  perhaps  of  a  connective  tissue 
nature.  This  is  lined  by  three  or  more  layers  of  glandular  cells, 
which  vary  in  appearance  according  to  their  condition  of  physio- 
logical activity.  In  a  state  of  rest  each  tube  is  lined  by  several 
layers  of  large  polygonal  cells  placed  one  inside  the  other. 

{b.)  In  an  active  gland,  known  by  the  evidences  of  division  of 
cells  and  by  the  development  of  spermatozoa  (fig.  357),  there  is  an 
outer  layer  of  cubical-looking  cells,  and  internal  to  it  several  layers 
of  round  or  ovoid  cells,  which  are  called  spermatogenic  cells.  In 
the  latter  may  be  seen  nuclei  undergoing  mitotic  division.  The 
hmng  epithelial  cells  seem  to  divide  ;  one  part  of  each  cell  passes 
into  the  second  layer  of  cells,  and  becomes  a  spermatogen  or  sper- 
matogenic cell,  while  the  remainder  of  the  original  cell  enlartrcs  and 
grows  up  as  a  sustentacular  ceU.  The  spermatogenic  cells  divide 
and  redivide  by  mitosis,  and  yield  the  small  daughter-cells  or 
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spermatoblasts  of  the  inaermost  layer.  The  latter,  arranged  in 
groups,  gradually  elongate,  and  from  them  the  groups  of  spermatozoa 
are  formed.  Each  group  rests  on  and  is  connected  with  a  susten- 
tacular  cell ;  hence  arose  the  old  view  that  these  sustentacular 
cells  produced  the  spermatozoa,  and  for  this  reason  they  were 
formerly  called  spermatoblasts.  The  nucleus  of  a  daughter-cell 
forms  the  head  and  body  of  the  spermatozoon,  while  the  tail  is 
formed  within  the  protoplasm,  but  it  is  connected  with  the  nucleus, 
and  in  its  development  grows  out  and  forms  a  cilium. 

3.  Isolated  Cells  from  the  Tubules. — Macerate  small  frag- 
ments of  the  testis  in  dilute  alcohol  10-12  hours.  Tease  a  small 
fragment  in  glycerine.  Observe  the  various  forms  of  cells  iso- 
ated. 

4.  Spermatozoa  (H).— Make  a  cut  into  the  epididymis  of  a  testis 
removed  from  a  rabbit  as  soon  as  possible  after  death.    A  milky 


Fig  —Tubules  of  Testis  of  Kat,  showing  Spermatogenesis.  A.  less  advanced  stage : 
i"nd  C  More  advanced  stages.  A  and  B=T.S.;  C=L.S.  Flemnling's  fluid  and 
safranin,  x  300. 

juice  exudes.    Place  a  little  of  this  on  a  slide  and  dilute  it  with 

normal  saline.  -v 

(a  )  The  spermatozoa,  each  one  with  a  head  and  a  long  vibratile 
tail  or  cilium.  By  the  side-to-side  movement  of  the  tail  the  whole 
spermatozoon  is  moved  onwards  in  a  zigzag  course. 

(6.)  Add  a  drop  of  distilled  water.  The  movements  are  arrested. 
The  spermatozoa  are  slowly  killed. 

They  may  be  readily  preserved  by  smearing  a  little  of  the  milky 
juice  from  the  epididymis  upon  a  slide  and  allowing  it  to  dry.  it 
is  then  covered  and  sealed. 

5.  Spermatozoa  of  Newt  and  Frog  (H).— The  testis  of  a  newt 
is  teased  in  a  mixture  of  alcohol  and  glycerine. 

(H)  Observe  the  pointed  head,  body,  and  long  tail  of  each  sper- 
matozoon. There  is  an  intermediate  part,  which  is  best  seen  in  a 
stained  preparation.  From  it  springs  a  filament  which  appears  0 
be  prolonged  as  a  spiral  filament  around  the  cilium  or  tail,  ilie 
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spiral  filament  is  in  reality  the  optical  expression  of  a  thin  membrane 
attached  in  a  spiral  direction  to  the  cilium.  Mount 
the  spermatozoa  of  a  frog.  The  male  frog  is  easily 
known  by  the  wart  on  his  thumb.  Open  the 
abdomen,  and  low  down  in  the  hollow  on  each 
side  of  the  vertebral  column  is  an  oval,  kidney- 
shaped,  whitish  body— the  testis.  It  is  to  be 
treated  Hke  the  testis  of  other  animals.  At 
certain  seasons  of  the  year  no  spermatozoa  are  to 
be  found.    The  cells  are  in  a  resting  phase. 

6.  Human  Speimatozoa.— Mount  in  glycerine 
some  spermatozoa  obtained  from  a  spermatocele 
(%•  358).  Observe  the  head  (^•),  long  tail  (/), 
and  middle  piece  (m). 

7.  Cover-Glass  Preparations  (H).— Compress 
a  small  piece  of  the  testis  of  a  newt  or  froo' 
between  two  cover-glasses.  Separate  them,  and 
allow  the  film  on  them  to  dry.  Stain  one  in 
methylene-blue,  and  the  other  for  twenty-four  hours 
m  Ehrlich-Biondi'sfluid.  Dry  and  mount  in  balsam. 

(a.)  In  the  methylene-blue  specimen  only  the 
heads  of  the  spermatozoa  are  stained.  In  the 
other,  the  head  of  the  spermatozoon  is  stained 
one  colour,  while  the  tail  and  the  intermediary  or 
junction  piece  is  of  a  different  hue. 

8.  Testis  of  Salamander.— Fix 
October)  in  Hermann's 
fluid,  and  stain  as  directed 
at  p.  384.  The  bundles  of 
ripe  spermatozoa  are  very 
marked.  The  body  of 
each  spermatozoon  is  red- 
dish, its  head  bluish-violet, 
the  middle  piece  also  of  the 
same  colour,  while  the  tail 
is  brownish  -  violet.  In 
Hermann's  paper  figures 
will  be  found  showing  the 
remarkable  stages  of  de- 
velopment of  the  bodies 
of  the  spermatozoon  from 
the  nucleus  of  the  sperma- 
tids. Numerous  mitotic 
figures  may  be  seen. 

9.  Epididymis  (L  and 


Fig.  358.  —  Sperma- 
tozoa. I,  2.  Human. 


the  testis  (in  September  or 


Blood-vessel. 


Interstitial 
connective 
tissue. 


T.S.Xubule. 


Ciliated 
'epitlielium. 


rio.  3S9.-T.S.  Tubules  of  Epididymis. 


r<i  cT-   •T —  — Pj^'epare  like  the  testis  Mikr. 

i.S.,  stain  in  hajmatoxylin  and  mount  in  balsam. 
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(a.)  Observe  numerous  sections  of  the  twisted  tube  of  the 
epididymis  (fig.  359) ;  each  tubule  has  a  fibrous  wall,  and  is  lined 
by  a  single  layer  of  taU,  slender,  columnar  ciliated  epithelial  cells. 
Each  cell  is  provided  with  a  fringe  of  long  cilia.  The  lumen  is 
wide  and  distinct,  and  may  contain  a  confused  mass  of  spermatozoa. 
At  the  bases  of  the  cells  are  sometimes  seen  small  cells,  and  in 
pigmented  animals  pigment  granules  are  not  unfrequently  seen  in 
the  connective-tissue  stroma  supporting  the  tubule.  There  is  a 
fair  amount  of  connective-tissue  stroma  between  the  tubules,  and 
in  it  are  blood-vessels,  lymphatics,  and  nerves.  _ 

10.  T.S.  Vas  Deferens.— Harden  it  like  the  epididymis,  make 
T.S.j'stain,  and  observe  the  arrangement  of  its  parts  as  described 
at  p.  383. 


LESSON  XXXVI. 
THE  OVARY— FALLOPIAN  TUBE— UTERUS. 
THE  OVAEY. 

The  ovary  consists  of  a  stroma,  covered  on  the  surface  with  a 
sin-le  layer  of  short  columnar  or  germinal  epithelium.  Embedded 
in  the  stroma  are  numerous  Graafian  follicles  in  all  stages  of  ripe- 
ness Each  Graafian  follicle  contains  one  ovum.  The  unripe 
follicles,  with  primitive  ova,  form  a  superficial  layer  close  under 
the  surface,  while  the  more  mature  ova  and  folhcles  he  deeper. 
The  coverings  of  the  foUicle  and  the  structure  of  a  ripe  ovum  are 

Sfiven  at  p.  ■?8q.  .     ,  . 

Methods.— Select  the  ovaries  of  small  animals,  e.c/.,  mouse,  rat, 

as  they  can  be  better  "  fixed  "  than  large  ones.  _ 

a  )  Harden  the  ovary  of  small  animals  in  toto  m  LluUers  fluid 
(2  weeks),  and  then  in  alcohol.  Make  two  or  three  transverse 
cuts  in  the  human  ovary  before  hardening  it  m  the  same  M 

(ii )  Picro-sulphuric  acid,  for  a  day,  is  also  a  good  hardenmg 
reagent  Complete  the  hardening  in  alcohol.  The  pieces  had 
better  be  stained  in  bulk  in  borax-carmine,  or  Klemenbei-g  s 
logwood,  and  embedded  and  cut  in  paraffin,  or  embedded  and  cut 

(iiil)  For  small  ovaries  use  Flemming's  fluid,  embed  and  cut  in 
naraffin.    Stain  with  safranin.  ,  .  , 

^  Eor  obtaining  a  general  view,  the  sections  must  be  pretty  thick, 
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Fig.  360.— T.S.  Ovary. 
Graafian  follicle 
ova  ;  0.  Ovum  ; 
Stroma. 


e.  Germ  epitlielium;  i.  Large 
2.  Middle-sized,  and  3.  Small 
g.  Membrana  granulosa ;  s. 


otherwise  the  follicles  are  cut  into,  and  the  ova  are  apt  to  fall  out. 
Thin  sections  must  also  be  made. 

1.  T.S.  Ovary  (fig.  360).— (a.)  (L)  The  body  of  the  ovary, 
covered  on  its  surface  by 
a  single  layer  of  short, 
columnar,  nucleated  cells 
—  the  germinal  epi- 
thelium. 

(b.)  The  substance  or 
stroma,  composed  of  con- 
nective tissue  -with  numer- 
ous blood-vessels,  and  in 
some  places  smooth  muscu- 
lar fibres.  The  connective 
tissue  is  denser,  and  is 
arranged  in  several  layers, 
near  the  surface. 

(c.)  Lying  in  the  stroma 
— the  Graafian  follicles. 
Near  the  surface  is  a  layer 
of  smaller  unripe  ova — 
primitive  ova  (40  fj) — 
while  the  riper  and  larger  follicles  are  situated  deeper  in  the  stroma. 
Each  follicle  contains  an  ovum,  but  if  the  section  be  thin  the  ovum 
may  drop  out  and  leave  only  the  follicle  and  its  coverings. 

(d.)  If  the  ovary  be  from  an  adult  animal,  a  corpus  luteum  may 
be  found.  Its  appearance  will  depend  upon  whether  it  has  been 
recently  formed  or  not,  and  whether  the  animal  was  recently  preg- 
nant. If  it  is  of  some  standing,  it  is  large  and  more  or  less  spherical 
in  outline,  occupying  a  considerable  part  of  the  stroma,  with  an 
umbilicus-like  centre  and  radiating  lines  of  connective  tissue.  Be- 
tween these  are  numerous  large  granular  cells.  In  a  recent  one 
there  may  be  a  yellow  pigment — lutein — staining  the  scar. 

(e.)  (H)  The  germinal  epithelium,  and  under  it  the  tunica 
albuginea,  composed  of  two  or  more 
lamellfe — with  fusiform  cells — crossing 
passes  into  the  stroma. 

(/.)  The  Coverings  of  the  Follicle.— Select  a  well-developed  or 
nearly  ripe  ovum  (.5-5  mm.  in  diameter).  Outside  is  the  theca 
folliculi,  composed  of  two  layers,  an  outer  one  fibrous — the  tunica 
fibrosa — and  inside  it  a  layer  Avith  blood-vessels — the  tunica 
propria.  Inside  this  several  layers  of  cubical  cells,  constituting 
the  membrana  granulosa.  From  this  there  projects  a  mass  of 
cells  at  one  part,  forming  the  cumulus  or  discus  proligerus.  The 
cells  are  continued  as  the  tunica  granulosa  around  the  ovum. 


layers  of  connective-tissue 
each  other.     It  gradually 
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Between  the  tunica  and  membrana  granulosa  is  a  space  which 
encloses  a  fluid  in  the  large  follicles — the  liquor  folliculi. 

(g.)  The  ovum,  composed  externally  of  a  hyaline  membrane — 
the  zona  pellucida — enclosing  more  or  less  granular  cell-contents  ; 
the  vitellus  or  yelk ;  and  placed  excentrically  in  this  the  germi- 
nal vesicle  (corresponding  to  a  nucleus),  with  its  small  excentric 
germinal  spot  (corresponding  to  a  nucleolus). 

(h.)  SmaU  Unripe  Ova. — Besides  the  difference  in  size,  the 
follicles  show  no  separation  between  the  tunica  and  membrana 
granulosa.  They  form  a  layer  of  cells  in  which  the  small  ovum 
appears  to  be  embedded. 

2.  The  Ovum  (fig.  361). — A  fresh  ovum  may  be  obtained  thus. 
Take  the  ovary  of  a  cow  or  sheep,  which  on  its  surface  shows  clear 

Cells  of  discus  proligerus. 


Yelk. 


Zona  pellu- 
cida. 


Fig.  361.— Ripe  Ovum  of  Eabbit  highly  magnified. 


elevations  about  the  size  of  peas,  filled  with  a  watery-looking  fluid  ; 
these  are  ripe  follicles.  Prick  the  follicle  and  receive  its  contents 
upon  a  slide.  The  liquor  folliculi  escapes,  and  with  it  the  ovum 
surrounded  by  the  cells  of  the  tunica  granulosa.  With  (L)  search 
for  the  ovum  in  the  fluid  on  the  slide.  Do  not  cover  the  prepara- 
tion while  doing  so.  If  a  cover-glass  be  applied,  two  strips  of  paper 
must  be  placed  under  the  cover-glass  to  avoid  pressure  upon  the 
delicate  ovum.  Observe  the  ovum,  and  in  it  will  be  seen  the  parts 
already  described  and  shown  in  fig.  361. 

3.  T.S.  Fallopian  Tube  (L  and  H). — This  is  hardened  in 
Miiller's  fluid  or  Flemming's  fluid.    Treat  it  in  the  same  way  as 
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the  intestine.  Make  transverse  sections,  and  stain  them  either 
with  picro-carmine  or  logwood. 


Circular  mus- 
cular fibres. 


Muscular  fibres, 
jut  across. 


Fig.  362.— T.S.  of  Fallopian  Tube. 

The  Fallopian  tubes  in  animals  often  pursue  a  curved  course. 
The  peritoneum  should  be  cut  off 
as  close  to  the  tube  as  possible, 
and  the  latter  stretched  if  complete 
T.S.  are  required. 

(a.)  Observe,  most  external,  the 
thin  serous  coat. 

(b.)  Inside  this  the  muscular 
coat,  composed  of  non-striped 
muscle,  a  very  thin  longitudinal 
layer  of  fibres,  and  a  much  stronger 
circular  layer. 

(c.)  A  thin  submucous  coat. 

(d.)  The  mucous  coat,  thrown 
into  numerous  ridges  or  folds,  i.e., 
sections  of  longitudinal  folds,  so 
that  the  lumen  of  the  tube  appears 
somewhat  star-shaped  or  branched 
(fig.  362).  Sometimes  the  pro- 
cesses of  the  mucous  membrane 
are  very  complex  in  their  arrange- 
ment, and  give  rise  to  arborescent- 
looking  folds  in  transverse  sections  (fig.  363). 

(e.)  (H)  Tlie  thick  mucous  coat  is  covered  by  a  single  layer  of 


Fig.  363.— T.S.  of  the  Fimbriateil  Extre- 
mity of  the  Fallopian  Tube  of  J?ig. 
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low  cylindrical  ciliated  cells,  but  there  are  no  glands,  although  the 
depressions  act  the  part  of  glands.  Under  this  is  connective  tissue 
with  a  very  thin  muscularis  mucosae. 

4.  T.S.  Fimbriated  End  of  Fallopian  Tube  stained  in  borax- 
carmine  and  cut  in  paraffin.  Observe  the  very  complex  folds  of 
the  mucous  membrane,  each  with  secondary  folds  and  covered  by 
ciliated  epithelium.  The  folds  are  much  higher  and  far  more  com- 
plex than  they  are  in  the  Fallopian  tube  (fig.  363). 

UTERUS. 

The  wall  of  the  uterus  is  composed  of  smooth  muscle  lined  by 
a  mucous  membrane.  As  a  rule,  two  layers  of  muscular  fibre — 
imperfectly  separated  from  each  other — can  be  distinguished  in  the 

muscular  coat ;  the  external  layer  having 
an  irregular  course  ;  then  follow  blood- 
vessels and  connective  tissue,  which  sepa- 
rate it  incompletely  from  the  inner  one 
arranged  more  circularly.  This  thick 
inner  layer  of  smooth  muscle  is  said  to 
represent  a  much  hypertrophied  muscu- 
laris mucosae.  The  mucous  membrane 
( I  mm.  thick)  consists  of  connective  tissue 
containing  a  very  large  number  of  cells 
and  nuclei,  and  embedded  in  it  are 
tubular  glands — utricular  glands— some 
of  them  simple,  and  others  branched  (fig. 
364),  especially  at  their  lower  ends. 
These  glands  seem  to  be  devoid  of  a 
membrana  propria,  but  the  surrounding 
connective  tissue  is  arranged  around  them 
in  a  concentric  manner.  The  body  of  the 
uterus,  upper  half  of  the  cervix,  and  the 
uterine  glands  are  lined  by  a  single  layer 
of  short  columnar  ciliated  epithelium. 
The  vaginal  portion  of  the  uterus  is  lined 
by  stratified  squamous  epithelium,  and 
carries  small  vascular  papillae  covered  in 
by  the  epithelium.  The  mucous  mem- 
brane rests  directly  on  the  muscular  coat, 
there  being  no  proper  submucosa.  Small 
processes  of  smooth  muscle  from  the 
muscular  coat  are  prolonged  inwards  between  the  bases  of  the 
glands.  The  mucous  coat  is  very  vascular  and  contains  many 
lymphatics. 


FlQ.  364.— V.S.  uterus  of  a 
Bitch. 
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Methods. — It  is  rare  to  obtain  the  human  uterus  sufficiently 
fresh  for  microscopical  preparations.  Harden  the  uterus  of  a 
bitch,  cat,  or  rabbit,  in  chromic  and  spirit  fluid,  alcohol,  or  Miiller's 
fluid.    Make  T.S.,  and  treat  them  as  the  Fallopian  tube. 

T.S.  Uterus. — (a.)  Observe  the  serous,  muscular,  and  mucous 
coats  as  in  the  tube,  but  here  the  muscular  coat  is  very  thick,  and 
is  composed  of  numerous  fibres  arranged  in  bundles  and  running  in 
all  directions.  The  arrangement  of  these  bundles  is  much  simpler 
in  animals  than  in  the  human  uterus. 

(b.)  The  mucosa  is  very  thick,  and  is  covered  by  a  single  layer 
of  cylindrical  nucleated  cells,  and  has  numerous  glands,  which  are 
lined  by  similar  cells.  Not  unfrequently  the  gland-tubes  branch, 
especially  near  their  lower  extremities.  It  is  difficult  to  retain  the 
cilia  on  the  epitheHum  lining  the  cavity  of  the  uterus  and  its  glands. 
Between  the  tubules  is  a  relatively  large  amount  of  connective 
tissue  containing  many  nucleated  corpuscles  and  blood-vessels.  As 
the  glands  pursue  a  curved  course,  and  do  not  always  run  at  right 
angles  to  the  mucous  surface,  it  is  difficult  to  obtain  a  section 
through  the  entire  length  of  a  gland  (fig.  364).  ' 


LESSON  XXXVJI. 

MAMMARY  GLAND,  UMBILICAL   CORD,  AND 

PLACENTA. 

The  mammary  gland  is  a  compound  racemose  gland,  but  it  has 
about  twenty  galactoferous  ducts  which  open  on  the  nipple,  each 
duct  being  dilated  into  a  small  reservoir  just  before  it  ends  on  the 
surface.  The  ducts,  when  traced  backwards,  branch  and  end  in 
acini  or  saccular  alveoli.  The  alveoli — as  in  all  glands — vary  in 
appearance  according  as  the  gland  is  or  is  not  active.  The  walls  of 
the  ducts  and  acini  consist  of  a  basement  membrane,  said  to  be 
composed  of  branched  cells,  which  in  the  acini  is  lined  by  a  single 
layer  of  somewhat  flattened  polyhedral  secretory  cells.  A  cluster 
of  acini  gives  origin  to  one  of  the  larger  ducts,  and  a  considerable 
amount  of  connective  tissue  lies  between  groups  of  acini.  In  fact 
the  connective  tissue  greatly  preponderates.  During  lactation  the 
secretory  cells  are  taller  and  larger,  and  in  their  interior— probably 
formed  from  and  by  the  protoplasm  of  the  cells  themselves— are 
formed  the  fatty  granules  which  are  discharged  to  form  the  milk 
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globules.  The  active  gland  presents  some  resemblance  to  a  salivary 
gland,  so  closely  are  tbe  alveoli  pressed  together,  with  only  a  small 
quantity  of  interstitial  connective  tissue  between  them.  The  acini 
are  in  groups  and  separated  from  each  other  by  fibrous  imperfect 

septa.     Numerous  cor- 


puscles, including  granu- 
lar cells,  occur  in  the 
alveolar  connective  tis- 
sue. The  ducts  are 
lined  by  columnar  epi- 
thelium, and  in  a  section 
of  a  human  gland  they 
appear  large. 

(i.)  Harden  small 
parts  of  the  mammary 
gland  in  absolute  al- 
cohol. Select,  when 
possible,  the  gland  of 
a  recently  pregnant 
woman  (or  animal). 
Stain  the  sections  in 
hgematoxylin  and  mount 
Stain 


Fig.  365.— T.S.  Mammary  Gland.    D.  Duct ;  A.  Group 
of  acini  with  much  connective  tissue  hetween,  x  20. 


in  balsam,  i.e.,  to  get  a  general  view  of  the  gland  structure 
ill  bulk,  embed  and  cut  in  paraffin. 

(ii.)  Harden  very  small  pieces  of  a  fresh  gland,  e.g.,  from  a 


Jlfi.  366.— T.S.  Secreting  Mammary  Gland,  Mouse. 
Fol's  solution  and  satranlu,  x  300. 


Fio.  367.— Colostrum. 


pregnant  cat  or  rabbit,  in  Flemming's  mixture  and  stain  the 
sections  (very  thin)  in  safranin.  ^  ux  /c      /:  \ 

1  V.S.  Mammary  Gland  {HcEmatoxylin)  (L  and  H)  (hg.  365). 

(a.)  Observe  the  groups  of  acini,  separated  by  a  relatively  large 
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amount  of  somewhat  loose  connective  tissue,  and  sections  of  the 
ducts  (D).  The  sections  should  be  made  so  as  to  include  the 
nipple,  when  the  larger  ducts  with  their  dilations  will  be  seen. 
The  ducts  are  large  between  the  lobules,  and  within  the  latter  the 
course  of  the  finer  ducts  can  readily  be  traced. 

(6.)  The  globular  acini,  with  a  basement  membrane  lined  by  a 
single  layer  of  somewhat  flattened  or  cubical  epithelium.  In  the 
inter-alveolar  tissue  many  leucocytes  and  granular  cells. 

2.  Active  Mammary  Gland  {Safranin)  (H). 
(rt.)  Study  specially  the  acini     Observe  the 

columnar  cells  lining  the  acini,  and  in  some  of 
refractive  granules  of  fat.     The  lumen  is  wide, 
partially  filled  with  the  debris  of  the  secretion-milk, 
a  good  agent  for  showing  the  presence  of  fatty  granules  (fig.  366). 

3.  Colostrum  (H),  i.e.,  the  first  milk  secreted  after  delivery. 
If  this  can  be  obtained,  examine  it,  and  note,  in  addition  to  the 
ordinary  milk-globules  (Lesson  I.  3),  large  coarsely  granular  nucle- 
ated refractile  cells — colostrum  coi-puscles.  The  granules  are 
sometimes  pigmented,  and  are  fatty  (fig.  367). 


large  and  tall 
the  cells  clear 
and  is  usually 
Osmic  acid  is 


UMBILICAL  CORD  AND  PLACENTA. 

4.  T.S,  Umbilical  Cord.— Harden  this  in  Midler's  fluid  or 
alcohol.  Make  T.S.  by  freezing,  and  stain  them  with  hematoxylin 
or  picro-carmine.    Methyl-violet  is  also  a  good  stain. 

(a.)  Note  on  the  outside  of 
the  circular  mass  of  tissue  a 
thin  layer  of  flattened  cells 
derived  from  the  amnion. 

{b.)  The  cord  itself,  composed 
of  Wharton's  jelly,  enclosing 
usually  ;  two  umbilical  arteries 
and  a  single  vein  Avith  very 
thick  muscular  coats.  They 
are  completely  surrounded  by 
Wharton's  jelly,  which,  how- 
ever, in  a  cord  at  full  time  is 
very  largely  composed  of  fibrous 
tissue.  Still  numerous  branched 
connective  tissue  corpuscles  exist 
in  the  meshes,  and  there  are 
also  present  numerous  lymphoid-looking  cells  (Lesson  XII  1Q\ 

5.  Fresh  Placenta  (H).-Tease  a  fragment  of  a  placenta  in 
normal  saline.  Note  the  villi,  each  long,  tapering,  and  branched, 
in  the  interior  capdlary  loops  which  occupy  the  greater  part  of  the 


Fig.  368.— Human  Placenta  Villi, 
vessels  black. 


Blood- 
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villus,  so  that  only  a  small  amount  of  connective  tissue  intervenes 
between  the  vessels.  Each  villus  is  covered  on  its  surface  by  a 
layer  of  epithelium,  which,  however,  is  thin  at  one  part  and  thick  at 
aiiother.  Especially  at  the  ends  of  the  villi  are  large  granular  masses 
of  protoplasm  containing  many  nuclei,  but  one  cannot  make  out  a 
separation  of  these  masses  into  cells.  They  often  contain  vacuoles. 
The  arangement  of  the  blood-vessels  may  be  followed  from  the 
distribution  of  the  blood-corpuscles  (fig.  368). 

Small  portions  of  a  placenta  are  also  to  be  hardened  in  Miiller's 
fluid  and  stained  in  bulk  in  borax-carmine.  Individual  viUi  may 
be  isolated  in  dilute  alcohol  or  osmic  acid. 

6.  Injected  Placenta. — Examine  a  vertical  section  of  a  placenta 
with  the  foetal  blood-vessels  injected,  say  blue,  and  the  maternal 
vessels  red.  Observe  how  the  one  set  interlocks  with  the  other,  yet 
both  systems  are  closed  and  do  not  communicate  with  each  other. 


LESSON  XXXVIII. 

TO  MAKE  PREPARATIONS  RAPIDLY  FROM 
FRESH  TISSUES. 

It  is  of  the  utmost  importance  that  the  student  should  be  acquainted 
with  the  methods  of  making  preparations  from  fresh  tissues  placed 
in  his  hands.  The  following  is  an  outlme  of  the  work  that  each 
one  can  readUy  do  for  himself  if  supplied  with  a  pithed  frog,  or 
other  suitable  material. 

A.  From  a  Frog. 

^,    1.  Corneal  Corpuscles.— With  a  sharp  pair  of  scissors  cut  out 
the  cornea.    Divide  it  into  two  parts. 

(a.)  Treat  one  by  the  lemon-juice  method  (p.  79). 
k)  Treat  the  other  part  by  placing  it  direct  into  .  5  per  cent- 
^  ^  AUCI3  (half  an  hour) ;  wash  in  distilled  water ;  p  ace  m 
a  saturated  solution  of  tartaric  acid  at  50  C.  imtii  tHe 
•gold  becomes  reduced  (p.  7 9). 
(.  )  A  irnea  may  be  placed  fresh  in  dilute  thylene-bh  e 
^  '      (I  :  300  normal  saline).    Mount  in  picrate  of  ammoma 

2  Corneaf  L^Xph-Spaci-Kemove  the  eyelids,  expose  the 
surface  oTthe  otC  cornea,  scrape  off  the  epithehum,  and  rub  it 
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Avith  solid  silver  nitrate.    Cut  out  tlie  cornea  and  expose  it  to  light 
in  water  (p.  77). 

3.  Tendons. —These  are  best  made  from  the  tarsal  tendons, 
which  can  readily  be  snipped  off  in  considerable  lengths. 

(a.)  Fibrils. — Tease  a  piece  in  baryta-water  and  mount  in 
'  glycerine. 

(6.)  Tendon  Cells— (i.)  Add  dilute  acetic  acid  to  bring  into 
view  the  rows  of  cells,  then  wash  with  water,  and  after 
all  the  acid  is  removed  stain  with  logwood  or  picro- 
carmine.  (ii.)  Also  tease  a  piece  in  normal  saline  con- 
taining a  trace  of  methyl-violet. 

(c.)  Silver  one  of  the  tendons  to  show  the  endothelium  cover- 
ing its  surface  (p.  166). 

(d.)  Place,  a  fresh  tendon  in  ammoniacal  carmine  (io-r5  mins.), 
wash  and  place  in  very  dilute  Delafield's  logwood 
(10-15  mins.).  Wash,  tease ;  and  mount  in  balsam. 
The  tendon  cells  are  red,  their  nuclei  blue,  and  the 
tendon  fibres  rosy. 

4.  Aponeurosis. — The  best  is  the  femoral. 

(a.)  Eemove  the  membrane  and  stretch  it  on  a  slide  by  the 
"semi-desiccation"  method  (p.  159),  and  after  it  is 
fixed  to  the  slide  apply  a  drop  of  acid  methyl-green, 
or  normal  saline  with  methyl-violet.    The  nuclei  are 
thereby  stained,  and  the  crests  and  ridges  of  the  cells 
are  made  visible. 
(&.)  It  may  be  fixed  rapidly  on  a  slide  with  absolute  alcohol  and 
stained  with  logwood.  Or  osmic  acid  may  be  used  to  fix  it. 
(c.)  Show  the  effect  of  acetic  acid. 
"^  5.  Areolar  Tissue. — (a.)  Dissect  out  some  from  the  inter- 
muscular septa  of  the  leg  muscles.    Stain  with  methyl-violet  in 
normal  saline.    This  stains  the  cells.    Or  use  acetic-fuchsin  (p.  92). 

6.  Yellow  Elastic  Fibres.  — These  are  found  in  the  septa  between 
the  lymph-sacs.  Cut  out  a  septum,  fix  it  on  a  slide  by  "  semi- 
desiccation,"  and  then  add  acetic  acid.  Or  make  another  prepara- 
tion and  stain  it  with  a  weak  solution  of  methyl-violet-5B  (p.  93). 

7.  Pigment-Cells. — (a.)  These  are  foimd  in  the  web  of  the  frog's 
foot.  Stretch  the  web  between  the  toes,  harden  it  in  absolute 
alcohol  for  an  hour  or  so,  peel  off  the  skin,  and  mount  it  in  balsam 
(P-  173)- 

(h.)  Or  use  the  mesentery,  or  almost  any  blood-vessel;  add 
dilute  acetic  acid  and  mount  in  glycerine. 

8.  Hyaline  Cartilage. — («.)  Use  either  the  episternum,  scraping 
off  the  perichondrium,  or  make  a  section  of  the  articular  cartilage 
on  the  femur  or  tibia.  Stain  in  haamatoxylin.  Or,  before  cuttino-, 
the  cartilage  may  be  hardened  for  an  hour  in  absolute  alcohol. 
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(b.)  A  silver  nitrate  preparation  may  also  be  made  (p.  151). 
-     9.  EndotheKum  of  Mesentery.— Place  pieces  of  mesentery  in 
AgNOg  (.25  per  cent.)  for  half  an  hour,  wash  in  distilled  water  and 
expose  to  light  in  50  per  cent,  alcohol 

Part  may  be  afterwards  stained  in  hsematoxylin. 

10.  Endothelium  of  Great  Lymph-Sac— Open  the  abdomen 
from  the  front  along  the  middle  line,  turn  aside  the  intestines, 
and  note  the  kidney.  A  thin  membrane  or  septum  stretches  from 
this  to  the  abdominal  waU.  With  a  fine  pipette  filled  with  silver 
nitrate  solution  perforate  this  membrane  and  allow  silver  nitrate  to 
flow  into  the  great  lymph-sac.  Expose  the  membrane  to  light,  and 
then  examine  in  glycerine  to  see  endothelium  and  stomata  (p.  239). 
One-half  may  be  stained  with  hsematoxylin  to  show  the  nuclei.  Or 
expose  the  septum  from  behind  as  directed  at  p.  238. 

11.  Adipose  Tissue.— Use  the  yellow-coloured  fat  bodies  found 
in  the  abdominal  cavity. 

(a.)  Tease  a  piece  in  glycerine. 
(6.)  Use  osmic  acid  (p.  169). 
See  also  other  methods  in  Lesson  XII. 
•-)^   12.  Striped  Muscle. — In  this  one  must  demonstrate — 
(a.)  Sarcolemma  (p.  193). 
(b.)  Nuclei,  e.g.,  by  acetic  acid  (p.  194). 

(c.)  Sarcous  substance  with  its  cross  stripes.  Harden  for  half 
an  hour  in  alcohol  and  stain  with  hsematoxylin  or  picro- 
carmine,  or  both.  Mount  in  glycerine.  Osmic  acid 
also  "fixes"  the  striation. 

(d.)  Fibres  may  be  isolated  by  means  of  33  per  cent,  caustic 
potash,  but  they  must  be  examined  in  the  same  solu- 
tion. 

13.  Cardiac  Muscle. — Isolated  cells  are  obtained  by  the  33  per 
cent,  caustic  potash  method.  The  fresh  tissue  teased,  stains  well  in 
picro-carmine. 

14.  Smooth  Muscle. — Use 

■~f-     (a.)  Frog's  bladder  (p.  190).     In  addition,  spread  out  the 
bladder  on  a  slide,  expose  it  to  the  vapour  of  glacial 
acetic  acid,  wash  away  the   epithelium,  stain  with 
violet-B,  and  mount  in  picrate-glycerine  (<S'.  Mmjer). 
(b.)  Intestine.    The  muscular  coat  alone  is  to  be  used,  after 
,  scraping  away  the  mucous  coat.    Treat  it  as  above. 

15.  Epithelium. — Scrape  any  epithelial  surface,  diffuse  the 
scrapings  in  normal  saline  and  examine  fresh,  and  seal  up  with 
paraffin  wax. 

Squamous. — Use  cornea. 

Columnar. — Use  intestine. 

Ciliated.— rM-ViCQViS  membrane  of  palate. 
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Stain  others  with  acid  methyl-green  or  picro-carmine. 
Make  cover-glass  preparations  (p.  140). 

Before  staining  pass  the  cover-glass  three  times  through  the  flame 
of  a  Bunsen-burner. 

16.  Medullated  Nerve-Fibres. — Expose  the  sciatic  nerve. 

(a.)  Tease  out  a  few  fibres  and  show  them  fresh  in  normal 
saline.    Seal  up  the  preparation  with  paraffin  wax. 

(b.)  Tease  a  piece  in  i  per  cent,  osmic  acid,  cover  with  a  watch- 
glass,  and  after  half  an  hour  mount  in  glycerine.  This 
blackens  the  myeline.  A  part  of  this  may  be  stained 
in  picro-carmine  (p.  206). 

(c.)  Tease  a  piece  in  .5  per  cent,  silver  nitrate  for  Eanvier's 
crosses  (p.  207). 

/  (d.)  Harden  a  piece  of  nerve  in  alcohol  for  a  quarter  of  an 
hour.  Tease,  place  in  ether  for  10  minutes,  transfer  to 
alcohol.  Stain  with  logwood  and  mount  in  glycerine. 
This  shows  the  axis-cylinder  and  nuclei  of  sheath, 
(e.)  Place  a  piece  of  fresh  nerve  in  collodion  to  show  axis- 
cylinder.  This  preparation  only  lasts  for  a  short  time 
(p.  211). 

(/.)  Show  with  silver  nitrate  the  endothelial  sheath  on  one  of 
the  small  nerves  to  be  found  in  the  dorsal  lymph-sac, 
stretching  between  the  back  muscles  and  the  skin 
(p.  207). 

17.  Peripheral  Nerve-Cells. — Use  the  rapid  gold  chloride 
(p.  79)  or  methyl p.ne-Mue  method  (p.  222). 

(a.)  Cells  along  course  of  aorta.    Cut  out  the  abdominal  part 

of  the  aorta. 
(6.)  Cells  of  sympathetic  (p.  216)  or 
(c.)  Cells  of  spinal  ganglia,  or  other  ganglia  (p.  215). 
(d.)  Interauricular  septum  of  the  heart.    The  heart  must  be 

distended  and  kept  fixed  in  this  position  (p.  233). 

18.  Eetina. — Carefully  dissect  out  the  eyeball,  remove  retina. 
(a.)  Place  a  part  in  i  per  cent,  osmic  acid  and  then  make 

teased  preparations.    One  should  show  the  pigmented 

epithelium,  rods  with  outer  segments  blackened,  pieces 

of   the  several   layers,  the  glistening  fatty  globule 

rendered  brownish. 
(6.)  Harden  a  piece  in  absolute  alcohol  and  tease  in  very 

dilute  eosin.    Mount  in  glycerine, 
(c.)  Place  small  pieces  in  very  dilute  methylene-blue  (p.  222) 

to  show  the  nervous  elements.    Mount  it  in  picro- 

glycerine  (p.  222). 

19.  Blood- Vessels. — A  new  frog  will  be  required.  Proceed  as 
directed  at  p.  230. 
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(a.)  Inject  AglSTOg  (.5  per  cent.),  and  isolate  arteries,  veins, 
and  capillaries ;  best  from  the  intestine.  Mount  in 
balsam. 

(p.)  Show  the  effect  of  acetic  acid  on  one  of  the  larger  vessels 

of  the  mesentery, 
(c.)  Methylene-blue  injected  into  the  vessels  shows  the  lining 

endothelium  and  nerve-fibres. 

20.  Blood  and  Blood-Corpuscles. 

(a.)  Osmic  acid  and  picro-carmine  (p.  no). 

(b.)  Cover-glass  preparations  stained  by  eosin  in  glycerine  and 

then  in   logwood.     Or  other  dyes  or  double  stain 

(p.  114). 

(c.)  Cover-glass  preparations  stained  by  methylene-blue  for  the 
nuclei.  Pass  the  cover-glass  three  times  through  the 
flame  of  a  Bunsen-burner  before  staining. 

(d.)  The  colourless  corpuscles  maybe  stained  in  the  methylene- 
blue  specimens,  but  they  may  be  specially  stained  by 
eosin-glycerine  or  indulin-glycerine,  which  stain  certain 
granules  in  their  protoplasm  (p.  402). 

21.  Fibrin  (p.  119). 

22.  Marrow. — Squeeze  out  same. 

(a.)  Examine  fresh  in  NaCl  (.6  per  cent.)  with  methyl-violet. 

(b.)  Cover-glass  preparations  stained  with  eosin-glycerme  and 
logwood  (p.  188).  The  easiest  way  is  to  pass  the  cover- 
glass  with  its  adherent  film  of  marrow  three  times 
through  the  flame  of  a  Bunsen-burner  before  staining. 

23.  Motor  Nerves  to  Muscles. — Gold  method  or  methylene- 
blue  (p.  219). 

B.  From  a  Mammal. 

If  a  mammal,  e.g.,  rat  or  guinea-pig,  or  part  thereof,  be  given 
from  which  to  prepare  specimens,  the  methods  are  much  the  same 
as  those  described  above. 

24.  Areolar  Tissue. — (a.)  To  show  its  histological  elements  the 
best  plan  is  to  inject  under  the  skin,  by  means  of  a  hypodermic 
syringe,  some  fluid  Avhich  will  form  an  artificial  oedema,  e.g.,  methyl- 
violet  in  normal  saline,  osmic  acid  (i  per  cent.),  silver  nitrate 
I  :  300.  The  first  of  these  fluids  does  not  alter  the  tissues.  Excise 
a  piece  and  examine  it  in  the  same  fluid. 

(b.)  Use  the  "  semi-desiccation  "  method  with  a  small  piece  snipped 
off  and  spread  out  on  a  slide. 

(c.)  Cell-spaces  by  means  of  AgNO.,  (p.  162). 

In  addition  to  the  methods  described  at  p.  161  and  p.  162,  use 
acetic  acid  to  show  elastic  fibres ;  magenta  to  stain  the  latter. 

25.  Tendons,  e.c/.,  rat  (p.  168),  and  methods  at  p.  397. 
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26.  Diaplii-agm. — (a.)  Show  its  endothelial  covering  by  means 
of  AgNO^,  and  (h)  its  lymphatics  (p.  237). 

-A-  27.  Adipose  Tissue. — One  must  demonstrate  the  cells  (Lesson 
\  XII.). 

(a.)  Fresh,  imaltered  in  normal  saline,  using  either  part  of 
omentum  or  fat-cells  from  under  skin.  Seal  up  the 
preparation  with  paraffin  wax. 

(b.)  Action  of  osmic  acid. 

(c.)  Action  of  alcohol  and  ether  to  remove  fats,  and  show 

empty  envelopes. 
(d.)  Harden  fat-cells  in  alcohol  and  stain  in  logwood  to  show 

naclei. 

(e.)  Subcutaneous  injection  of  silver  nitrate  (i  :  500)  to  show 
general  characters  of  cells. 

28.  Granular  Cells  ("  Mastzellen "). — They  occur  in  large 
numbers  in  the  omentum  of  the  rat.  Place  a  small  part  of  the 
omentum  in  a  watch-glass  containing  aniline-water  and  20-30  drops 
of  a  concentrated  alcoholic  solution  of  dahlia  or  gentian.  Heat  for 
short  time  as  directed  in  Lesson  X.  14.  Wash  in  distilled  Avater 
and  then  in  acid-alcohol  until  nearly  everything  is  decolorised 
except  the  granular  cells.  The  tissue  may  also  be  stained  with 
lithium-carmine.  Mount  in  balsam.  The  nu.clei  of  the  cells  are 
red,  and  only  the  granules  in  the  protoplasm  of  the  granular  cells 
are  blue. 

The  mucous  membrane  of  a  dog's  tongue  hardened  in  alcohol  and 
treated  in  the  same  way  shows  numerous  granular  cells. 

29.  Eed  Marrow  of  Bone.— Methods  (p.  188).  Use  the  ribs 
and  heads  of  long  bones  of  guinea-pig. 

The  dry  cover-glass  method  is  excellent.  Dry  them  in  flame  of 
spirit-lamp,  or  pass  them  three  times  through  the  flame  of  a  Bunsen- 
burner.  Stain  with  eosin-glycerine  and  then  with  methylene-blue 
or  logwood.  Many  of  the  smaller  cells  will  show  eosinophile 
granules. 

For  studying  the  formation  of  the  elements  of  the  blood  in  red 
marrow  or  other  situations,  the  following  method  of  Foa  is  good.^ 
The  red  marrow  or  blood  is  "fixed"  in  the  following  fluid  after  it 
cools: — 100  cc.  Miiller's  fluid  is  heated  with  2  grams  of  mercuric 
chloride.  Keep  in  a  thermostat  (2-3  hours)  at  35°  C.  Harden  in 
alcohol,  cut  sections,  and  stain  (1-3  minutes)  with  the  following  : — 

Haiinatoxylin  solution  {Bohmer's)  ...  25  cc. 
Safranin  I  per  cent,  watery-alcoliolic  solution  ,  20  ,, 
"Water  100  ,, 

Then  stain  in  weak  picric  acid.  Xylol-balsam. 

'  Zcits.f.  iviss.  Mikrosk.,  ix.,  1892,  p.  227. 
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30.  Blood  Crystals  (p.  120).— If  it  be  a  guinea-pig  or  rat  use 
the  defibrinated  blood  to  obtain  blood  crystals. 

(a.)  Add  water  =  haemoglobin  crystals. 

(6.)  Add  a  small  quantity  of  ether  =  haemoglobin  crystals, 

(c.)  Add  amyl  nitrite  =  methsemoglobin  crystals. 

31.  Blood— EhrHch's  Granules.— Perhaps  it  might  be  well  to 
crive  here  a  short  resume  of  some  of  the  results  of  EhrUch  and  his 
pupils  1  Cover-glass  preparations  of  the  blood  of  different  animals 
are  made,  and  they  are  either  exposed  to  the  air  to  dry  (or  they 
may  be  carefully  heated  for  several  hours  at  120°  C.  or  passed 
several  times  through  the  flame  of  a  Bunsen-burner).  On  being 
dried  rapidly  in  the  air,  there  is  no  coagulation  of  the  cell-proteids, 
and  thus  the  cells  retain  their  natural  tendency  to  stain  with  dyes. 
As  hajmoglobin  is  soluble  in  water  it  is  better  to  use  the  dyes  dis- 
solved in  glycerine. 

Leucocytes.— The  "granules"  present  m  the  protoplasm  m  the 
varieties  of  white  blood-corpuscles  vary  in  their  reaction  to  staining 
reacvents     Thus  some  are  stained  by  what  Ehrlich  calls  acidophUe 
dye°s  of  which  eosin  is  one.    It  is  not  enough  that  the  granules  are 
stained  by  one  of  these  dyes.    As  a  general  rule,  granules  which  are 
stained  by  aU  the  following  solutions  belong  to  his  a-granulation 
class  and  are  "  eosinophilous  granules." 
(1.)  Eosin  in  glycerine. 
(2.)  Glycerine  saturated  with  indulin. 
(3  )  Concentrated  watery  solution  of  orange. 
The  eosinophile  cells  (a  granules)  are  always  present  m  the  leuco- 
cytes of  frog's  blood,  marrow  of  frog  (numerous)-very  few  m 
spleen-numerous  also  in  the  mesentery.    In  he  rabbit  they  occur 
in  the  blood,  marrow  (very  numerous),  spleen  (few)  ^ 

Make  a  cover-glass  preparation  and  dry  it  either  at  120  C. 
(several  hours)  or%apidly  in  the  flame  of  a  Bunsen.  Stain  for  an 
hour  (or  longer)  with  eosin-glycerine,  wash  m  water  dry  and  mount 
in  balsam.  Or  stain  cover-glass  preparations  m  glycerine  (30  cc.) 
containing  2  grams  each  of  aurantia,  indulin  and  eosm.  Or  a 
saturated  alcoholic  solution  of  bluish-eosm  may  be  used. 

n  an  eosin-indulin  glycerine  solution  be  used  the  <^^^--^^^2l 
are  piu:plish-red  and  the  nuclei  weU  stained  bluish-black  by  the 

'""ThT  granular  cells  ("  Mastzellen "),  which  occiir  so  abimdantly 
in  t  e  Lnective  tissue  of  the  frog  and  some  other  animals,  a  so 
occur  in  the  blood  of  the  frog,  triton,  and  tortoise  l-^-^'^^^^^; 
ing  to  Ehrlich,  they  are  found  only  pathologically.    The  gianulcs 

1  Farlcnanalyt.  Unters.  z.  Histol.  u.  KUnilc  dcs  BMcs,  by  F.  Ehrlicl.. 
Berlin,  1891. 
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in  these  cells  are  stained  by  a  fluid  composed  of  100  cc.  water,  50 
cc.  absolute  alcohol  saturated  with  dahlia,  10-12.5  cc  glacial  acetic 
acid.  The  leucocytes  are  stained  blue,  while  the  granules  have 
^vhat  Ehrlich  calls  a  metachromic  red-violet  tint.  They  correspond 
to  Ehrlich's  y-granulations,  and  have  been  specially  investigated  by 
Westphal  (loo.  cit.,  p.  1 7). 

The  S-granulations  occur  especially  in  the  mononuclear  leucocytes 
of  human  blood.    They  are  stained  by  basic  dyes. 

The  e-granulations,  or  neutrophile  granules,  occur  in  the  poly- 
nucleated  elements  of  human  blood.  They  are  stained  only  by 
neutral  dyes,  e.g.,  acid-fuchsin  and  methyl-blue.  Ehrlich  classifies 
dyes  as  addopMle,  e.g.,  eosin,  aurantia,  and  indulin;  ne.utrophile, 
e.g.,  acid-fuchsin  or  fuchsin-S,  methyl-blue ;  hasophile,  e.g.,  dahlia, 
gentian-violet,  fuchsin. 

Ehrlich  also  calls  granules  which  attract  acid  dyes  "  oxyphile  "  

a  term  adopted  by  Wright  and  Bruce,  1  Avhose  method  is  described 
below.  According  to  the  latter  observers,  the  nucleus  of  the  leuco- 
cyte IS  mvariably  basophile,  while  the  granules  of  normal  leucocytes 
are  oxyphile. 

Staining  of  Oxyphilous  or  EosinophUous  Granules.— Cover- 
glass  preparations  are  fixed  either  by  dry  heat  (Ehrlich's  method) 
or  by  chemical  reagents  (osmic  acid;  HgClg). 

Float  the  cover-glass  on  a  i  per  cent,  watery  solution  of  eosin 
mm.).  If  It  be  desired  to  stain  even  more  rapidly,  add  a  trace 
ot  acetic  acid  to  the  fluid,  when  the  preparation  rapidly  becomes 
over-stained.  The  surplus  dye  can  be  removed  from  all  parts  of  the 
cells,  except  the  oxyphile  or  eosinophilous  granules,  by  dippincr  the 
cover-glass  into  a  very  dUute  solution  of  sodic  carbonate 

BasophUous  Granules.— These  are  best  stained  with  Loeffler's 
methylene-blue,  which  stains  all  basophilous  elements,  e.g.  nuclei 
and  basophile  granules.  It  may  dissolve  out  oxyphilous  granules 
It  the  specimen  has  been  abeady  stained  ^vith  eosin  (the  excess 
extracted  by  weak  alkali),  then  only  a  second  or  so  is  required  to 
stam  with  methylene-blue.  Thus  with  care  it  is  possible  to  stain 
the  oxyphile  and  basophile  elements  of  the  leucocyte 

These  observers  deny  the  existence  of  so-called  neutrophile 
granules.  They  believe  them  to  be  really  oxyphilous  in  their 
behaviour  to  stains. 

32.  Stained  Leucocytes.— Either  one's  own  blood  or  the  blood  of 
an  animal,  or  the  leucocytes  of  lymph-glands,  may  be  used.  Use  the 
a  y  cover-glass  method,  passing  the  cover-glass  three  times  throu-h 

on.  'n'?%f  r'^l'^-^T'^^^""'"  '^"^^'"S-  Excellent  prepam- 
tions  of  the  nuclei  stained  blue  are  obtained  by  methylene-blue 

^  Brit.  Med.  Jour.,  Fob.  1893. 
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alone,  or  first  stain  in  eosin  and  then  in  methylene-blue  or 
hematoxylin.  For  leucocytes  the  blood  of  the  horse  is  specially 
valuable,  as  the  white  cells  are  so  large  {Sherrington). 

33  Fibrin  Heemin,  Cartilage,  Muscle,  Nerve,  and  the  other 
tissues  are  treated  as  recommended  for  frog's  tissues,  and  the  same 

is  the  case  with  organs. 

-  34  Salivary  Glands  and  Pancreas. 

Tease  a  smaU  part  of  the  parotid,  or  other  salivary  gland  or 
the  pancreas,  in  aqueous  humour  to  see  the  fresh  condition  of  these 
elands.    In  the  guinea-pig's  glands  note  the  zymogen  granules.  _ 

A  permanent  preparation  may  be  made  by  exposmg  small  pie  s 
to  the  vapour  of  osmic  acid  and  mounting  m  glycenne.  In  his 
wav  the  zymogen  granules  are  preserved  (Lesson  XXiii.  p.  205;. 

N  B  -In  this  Lesson  the  methods  stated  expressly  exclude  com- 
plicated methods  of  hardening  and  section-cutting. 


ADDENDA. 

A.  Altmann's  Researches  on  "Granula"  in  CeUs. 

Vnr  those  who  wish  to  study  Altmann's  views  on  the  constitution 
of  S  Itop  «d  nuclei  of  cells,  and  the  methods  of  displaying 
ottlie  piotopicibu     ,  „  t  refer  to  his  monograph, 

:^I^^.^^^s.nen  unci  i^^reBe.^^^^eu  Zellen, 

Spsig-  1890,  which  contains  twenty-one  beautiful  plates. 

B.  Obreggia's  Method  for  Paraffin  Sections. 

•         method  of  Ohveggm  {Neurol ogisches  CentralWatt  iSgo)  ]^ 

sections.  ^-L^e  naraeneu  rockmcr  microtome  or  Mmot's 

ribbons  of  sections  are  cut  ^^^h  a  locK^^^^^^  ^^^^^ 
form.    The  sections  are  at  once  transieuecl  to  ^^ass  V^<^ 
with  the  following  solution  .:— 

Symry  solution  of  powdered  candy-sugar  nude  ^^nth  boiling 

distilled  water         .       •        •       •       '       _       _       .  20 
Absolute  alcohol         ■      ;      ;     jextriu  made  with  dis- 
Transparent  syrupy  solution  ot  puie  aexruu  i     ^       ^  ^ 

tilled  water 

P„„r  tins  solution  over  tl>e  plates  t.o  or  three  days  before  they  are 
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used ;  run  off  the  excess ;  allow  the  plates  to  dry  slowly  in  a  hori- 
zontal position  and  protected  from  dust. 

Arrange  the  series  of  sections  in  rows  on  the  plates.  Place  the 
plates  in  a  paraffin-oven,  which  is  kept  at  a  temperature  slightly 
above  the  melting-point  of  the  paraffin  employed,  and  leave  it  there 
for  a  few  minutes,  when  the  embedded  tissues  stick  fast  to  the 
prepared  surface. 

Eemove  the  surplus  paraffin  with  xylol  or  naphtha,  and  then 
wash  with  methylated  spirit  or  absolute  alcohol. 

The  spirit  is  run  off,  and  the  plates  are  covered  with  the  following 
celloidin  solution : — 

Phytoxylin  .       .       .       .       .       .       6  grm. 

Absolute  alcohol  .....    100  cc. 

Pure  ether  100  ,, 

The  plates  are  placed  horizontally.  After  the  thin  sheet  of  celloidin 
solidifies,  run  a  knife  along  between  the  rows  of  sections,  and  allow 
further  evaporation  to  take  place. 

When  the  sections  are  required  plunge  the  plate  into  water ;  the 
ribbons  float  off  as  the  sugar  is  dissolved.  The  ribbons  may  be 
stained  with  any  reagents  except  those  which  dissolve  or  overstain 
celloidin.  Stain  with  very  dilute  Ehrlich's  acid-hsematoxylin  (p. 
69),  and  then  wash  in  dilute  eosin.  Dehydrate  the  sections,  and 
clarify  in  a  mixture  of  xylol  3  parts  and  carbolic  acid  crystals  i  part, 
and  mount  in  balsam.  We  have  tried  this  method,  as  recom- 
mended by  GuUand,  and  find  that  it  works  very  well.  Moreover, 
we  found  that  the  sections,  after  being  floated  off,  can  be  kept  in 
80  per  cent,  alcohol  imtil  they  are  required. 
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A._SOME  WOEKS  OF  REFERENCE. 
A.— Systematic  Histology, 

Schwann,  Mikrosk.  Untersuch.,  1838  (translated  by  tbe  Sydenham  Society 
1847)  -E.  Virchow,  Die  Cellular  Pathologic  (translated  by  Chance),  i860.— 
Henle,  Handbuch  der  systematischen  Anatomie  des  Menschen,  3rd  ed., 
1866-83  — W    Krause,  Allgemeine  und  mikroskopische  Anatomie,  Han- 
nover   1876 -F    Leydig,    Lehrbuch  der  Histologie  des  Menschen  und 
der  Thiere,  Hamm,  1857  I    his  Untersuchungen,  1883 ;  and  his  Zellen 
Gewebe,  Bonn,  1885.-!.  Kanvier,  Traite  technique  d'histologie  Pans,  2nd 
ed    1889  -G.  Schwalbe,  Lelirbuch  der  Neurologic,  Erlangen,  1881  ;  Lehrb. 
d.'Anat."  d.   Sinnesorgane.-S.   Strieker,  Handbook   of  Histology  (trans- 
lated  by  the  New  Sydenham  Society),  i87i-73--I'-   B^^l^'  ^truc- 
tare  of  L  Elementary  Tissues,  London,  x88i.-A  Komker,  A  Manna  of 
Human  Microscopic  Anatomy,  London,   i860;  and  his  Icones  Histolog.. 
Lein    1864-  vol.  i.  of  his  Handbuch  d.  Gewebelehre,   Leipzig,  18S9.- 
ESeS' A  Manual  of  Pathological  Anatomy  (ti-anslated  by  E.  Baxter  , 
London  1873  -C  Toldt,  Lehrbuch  der  Gewebelehre,  Stuttgart,  3vded.  i88b. 
!:!e.  ^ern'and  E.  Noble-Smith,  Atlas  of  Histology,  London,  1872.- 
H.  Frey,  Handbuch  der  Histologie  und  Histochemie  des  Menschen,  Leipzig, 
1876  Grundziige,  i88s.-Cadiat,  Traite  d'anat.  gen.,  Pans,  879--Brass, 
Kuits  Lehrbuch  d.  Histologie,  Leipzig,  i888.-Heitzmann  Mikrosk.  Mo  - 
lTogyN88--P-ser,  Man.  of  Hist.,  Dublin.-E    ^ex^' .  Clemen  s  of 
S.,  London,  i883.-W.riemming,  Zellsubst.  11  Zellt  iei  g,  L.pzig  188^^^ 
Bizzozero,  Hand.  d.  klin.  Mila-oskop.,  Erlang.,  2nd  ed   1888  -Carnoy,  ^.uso 
lBeny;BioLCHlul.,Louvain,i884-88.-«^^^^ 
.S85.-r— ^te^^tl^r^^ 
T.pbrb  d  versl.  Anat.,  Jena,  looa.       xj.  , 

.S8S.--0*  c.,w^^ 

<?  Maver  Histolog.  Tiischenbuch,  Prag.,  1887.— btohr,  i.emu.  u.  xa       ,  o 
!d   Jena  1892.- Lee  and  Hennegny,  Traite  do  meth.  d'Anat   Pans,  1888^-- 
ScMf  ,  Es  n        of  Histology,  3rd  ed.,  ^^^^.-Owsjanrnkow  Tex  -^^^^^^ 
of  Hist  logy  (Russian),  iS88.-Fnsari  and  Monti.  Compendio  di  Istologia 
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generale,  Torino,  1S91. — Ellenberger,  Vergleicli.  Histol.  der  Hausthiere, 
vol.  i.,  Berlin,  1887,  vol.  ii..  1892.— Altmann,  Die  Elementarorganismen  it. 
ihre  Beziehung  z.  d.  Zellen,  Leipzig,  1890  (with  21  plates).  An  abstract  of 
the  methods  by  which  Altmann  prepares  his  "  granula  "  in  cells  will  be  found 
in  Zeit.  f.  niik.  Anat.,  vii.  p.  199,  1890. — Quain's  Anatomy,  loth  ed.,  edited 
by  Schafer  and  Thane,  1892-93. — Obersteiner,  Anleitung  b.  Studium  d. 
Banes  d.  nerv.  Centralorg.,  2nd  Germ,  ed.,  1892.  English  ed.  translated  by 
Hill  from  ist  Germ.  ed. — Edinger,  Zwolf  Vorlesung.  v.  d.  Ban  d.  Centi'al 
Nerv.  System,  2nd  ed.,  and  English  trans,  by  Vittum  and  Riggs,  1890. 

B. — The  Microscope,  Microscopical  Technique,  and  Manuals  of  Practical 

Histology. 

Some  of  the  works  already  mentioned  contain  descriptions  of  microscopical 
methods,  e.g.,  those  of  Ranvier,  Stohr,  Orth. 

Dippel,  Das  Mikroskop  und  seine  Anwendung. — Beale,  How  to  Work 
with  the  Microscope,  London,  1880. — H.  Fray,  Das  Mikroskop.,  8th  ed.,  1886. — 
Carpenter's  The  Microscope  and  its  Revelations,  edited  by  Dallinger,  7th  ed., 
1892.— J.  Hogg,  The  Microscope,  12th  ed.,  1887. — Naegeli  and  Schwen- 
dener,  The  Microscope  in  Theory  and  Practice  (translated  from  2nd  Germ, 
ed.),  1892. — Gage,  The  Microscope  and  Microscojjical  Methods,  Philadelphia, 
1892.— Amstrom,  Anleit.  z.  Bemitz.  d.  Polaris-Mikroskop.,  Leip.,  1892.— 
Rutherford,  Outlines  of  Histology,  1876.— Schafer,  Pract.  Histol.,  London, 
1S77.— W.  Stirling,  Text-Book  of  Pract.  Histol.,  London,  1881.— Foster  and 
Langley,  Pract.  Phys.,  5th  ed.,  1884.— Friedlander  and  Martinotti,  Tec- 
nica  microscopica,  Turin,  1885. — Garbini,  Manuale  per  la  tecnica  mod.  del 
Slikroscopio,  3rd  ed.,  1891. — Fol,  Lehr.  d.  vergleicli.  mikros.  Anatomie,  Leip., 
Pt.  i.,  1885.— Behrens,  Tabellen  z.  Gebrauch  b.  mik.  Arbeiten,  Braunschweig, 
2ud  ed.,  1S92.— Fearnley,  Pract.  Histol.,  1887.— W.  Stirling,  Histological 
Memoranda,  Aberdeen,  1880.— Lee  and  Henneguy,  Traitc  demeth.  de  I'Anat, 
Paris,  1888.— Friedlander  and  Eberth,  Mik.  Technik.,  4th  ed.,  Berlin,  i888. 
—Gierke,  Fiirberei  z.  mik.  Zwecken,  Braun.,  1887.— Renaut,  Traite  d'Histol. 
pratique,  Paris,  1889.— Behrens,  Kossel,  and  Schieflferdecker,  Das  Mikro- 
skop., Pt.  i.,  Braunschweig,  1889,  Pt.  ii.,  1891.— Ramon  y  Cayal,  Manual  de 
Histologia  normal,  Valencia,  1889.— Bdhm  and  Oppel,  Taschenb.  d.  mik. 
Technik.,  Miinchen,  1890.— B.  Rawitz,  Leitfaden  f.  hist.  Untersuch.,  Jena, 
1889.— Neelsen,  Grundriss  d.  Path. -Anat.  Technik,  Stuttgart,  1892.— Squire, 
Methods  and  Formula;  used  in  the  Preparation  of  Animal  and  Vegetable 
Tissues  for  Micros.  Exam.,  London,  1892.— Strassburger,  Das  botau.  Practi- 
cum,  and  English  trans.— Zimmermann,  Die  botan.  Mikrotechnik,  Tubingen, 
1892. 

C. — Journals. 

Archiv  f.  mik.  Anatomie,  Bonn,  formerly  edited  byM.  Schnltze  and  now 
by  Hertwig,  La  Valette,  St  George,  and  Waldeyer.— Archiv  fiir  Anat.  u. 
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Physiol.,  edited  by  Du  Bois-Eeymond.— Virchow's  Archiv.- Quarterly  Micro- 
scopical Journal,  London. -Journal  of  the  Royal  Microscopical  Soc,  London, - 
Jour.  ofAnat.  and  Physiol. .  edited  by  Hnmphi-y,  Turner,  and  M'Kendnck.- 
La  Cellule,  Louvain. -Journal  de  Micrographie,  Paris,  edited  by  PeUetan. - 
Zeits.  f.  wiss.  Mikrosk.,  edited  by  Behrens.-Zoolog.  Anzeiger,  edited  by 
V  earns. -Internats.  Monats.  f.  Anat.  u.  Phys.,  edited  by  Krause. -Journal 
of  Physiology,  edited  by  Foster. -Archiv  ital.  de  Biologic,  edited  by  Mossc- 
Proceedings  and  Transactions  of  the  Royal  Society. -Comptes  rendus  de  I'Acad. 
des  Sciences. -Sitzb.  d.  k.  Akad.  d.  Wissenschaft,  Wien.-Archiv  f._  d 
gesammte  Physiologie,  edited  by  PflUger. -Journal  of  Morphology,  edited 
by  Whitman,  in  which  will  be  found  elaborate  papers  by  Miuot  ou  the  Uterus 
aud  Placenta,  and  on  the  Ear  by  H.  Ayers. 


B.-TABLES  OF  MAGNIFYING  POWER  OF  OBJECTIYES 

AND  OCULAES. 


Objective. 

Magnifying 
Power  of  Ob- 
jective alone. 

Eyepiece  No.  i(A) 

magnifies  5 
times;  combined 
with  Objective 
magnifies 

Eyepiece  No.  2(B) 

magnifies  jh 
times ;  combined 
witli  Objective 
magnifies 

Eyepiece  No. 4(D) 

magnifies  20 
times ;  combined 
with  Objective 
magnifies 

I  inch, 

4 

To    >  > 
1 

T  II 

1 

o'  1' 

1 

tf  JI 
1 

■ff  )• 
1 

TU  II 
1 

11 

10 
25 

40 

5° 
60 
80 
100 
120 

SO 

125 
200 
250 
300 
400 
500 
6co 

75 
187 

275 
300 

450 
600 

750 
900 

200 
500 
800 
1000 
1200 
1600 
2000 
2400 

This  table  is  caiculatea  lor  a  lu-iucu  uuuc,  c.^^  s---  -rr--  - 
magnifying  power;  but  if  accuracy  be  reauired,  each  combination  of  lenses 
and  objectives  must  be  measured  by  the  method  already  described  at  page  19. 

(After  Gibbes.)  ,    _^  ^ 

Hartnack's  Dry  Lenses. 


Objective. 

Ocular. 

No.  1. 

No.  2. 

No.  3. 

No.  4. 

4 
7 

8 

9 

40 

150 
250 
360 

50 
220 
360 
430 

65 
300 
400 
520 

100 
450 
600 
S50 
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Magnifying  Power  of  Zeiss's  Objectives  and  Oculars. 


Length  of  Tube  155  mm. 

Ocular. 

Objective. 

JNO.  1. 

No.  2. 

No.  3. 

1^0.  4. 

A 

7 

II 

^5 

22 

A* 

4-12 

7-17 

10-24 

A,  AA 

s's 

52 

71 

97 

B,  BB 

70 

95 

130 

175 

c,  cc 

120 

145 

195 

270 

D,  DD 

175 

230 

320 

435 

E 

270 

355 

490 

670 

F 

405 

540 

745 

lOIO 

The  lens  A*  is  a  particularly  useful  low-power  lens,  as  by  merely  rotating 
a  collar,  a  great  variety  of  magnifying  power  is  obtained  without  changing 
the  lens. 


Magnifying  Power  op  Leitz's  Objectives  and  Oculars. 


Number 
of 

Objective. 

Magnifying 
Power  of 
Objective 
without 
Ocular. 

Length  of  Tube  160  mm. 
Ocular. 

0=5.6. 

L=6.9. 

IL=8.5. 

in.  =  12.7. 

IV.  =  16.3. 

V.  =  i9.i. 

I 

3-2 

16 

21 

25 

39 

50 

60 

2 

5 

26 

34 

40 

63 

81 

95 

3 

9 

47 

62 

72 

114 

146 

171 

4 

II 

58 

75 

88 
208 

139 

179 

210 

5 

26 

137 

179 

330 

423 

496 

6 

34 

180 

234 

272 

431 

554 

649 

7 

47 

250 

325 

380 

600 

770 

900 

8 

60 

318 

414 

480 

762 

978 
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C— LIST  OF  MAKERS  OP  MICROSCOPES,  etc. 
Microscopes. 
English  Makers  (London), 

Powell  &  Lealand,  170  Euston  Road,  N.W. 

R.  &  J.  Beck,  68  Cornhill,  E.G. 

Swift  &  Son,  8 1  Tottenliam  Court  Road. 

C.  Baker,  244  High  Holborn. 

H.  Crouch,  66  Barbican. 
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Foreign  Makers. 

Carl  Zeiss,  Jena. 

E.  Hai'tnaek,  Waisenstrasse,  39,  Potsdam. 

W.  &  H.  Seibert  (successors  to  Gundlach),  Wetzlar. 
C.  Reichert,  Bennogasse,  26,  Vienna. 
Ernest  Leitz,  Wetzlar. 

F.  W.  Shieck,  Hallesche  Strasse,  14,  Berlin,  S.W. 
Nachet  et  Fils,  Rue  St.  Severin,  17,  Paris. 

C.  Verick,  Rue  des  Ecoles,  Paris. 

Microtomes. 

To  be  had  from  most  of  the  above  Firms,  and  also  from — 

Zimmermann,  Albert  Sti-asse,  Leipzig  (Maker  of  Minot's  Microtome). 
R.  Jung,  Heidelberg  (Maker  of  Thoma's  Microtome). 
Sclianze,  Patliologisches  Institut,  Liebig  Strasse,  Leipzig. 
W.  Hume,  Lotbian  Street,  Edinburgh. 

A.  Fraser,  Lothian  Street,  Edinburgh  (Maker  of  Cathcart's  Microtome). 
J.  Gardner,  Teviot  Place,  Edinburgh  (Maker  of  Rutherford's  Microtome). 
Cambridge  Scientific  Insti'ument  Co. 
Kanthack,  Golden  Square,  off  Regent  Street,  London. 

Chemicals  and  Histological  Eeagents. 

Hopkin  &  Williams,  16  Cross  Street,  Hatton  Garden,  London,  E.C. 

R.  &  J.  Beck,  London. 

Baker,  244  High  Holborn,  London. 

Southall  Brothers  &  Barclay,  Dalton  Street,  Birmingham. 
Dr.  Georg  Griibler,  Bayersche  Strasse,  12,  Leipzig. 

D. — Weights  and  Measures,  Equivalents. 

Centigram  . 
Decigram 

Gram  .... 
Kilogram    .  ... 
I  fluid  ounce 
I  fluid  drachm 
I  inch .... 
I  foot  .... 
icoo  micros  (|u)  . 
10  millimetres  (mm.)  . 
100  centimetres  (cm.  or  ctm 
iM  =  0.000039  inch 

I  cm  

I  metre 


.    =    .154  English  grains. 

.  =  1-543 

•  =15-432 

.  =2.2  lbs.  (avoird.). 

.  =  28  cubic  centimetres. 

.    =  3-9  . 

=  2.539  centimetres. 

=  3.047  decimetres. 

=  1  millimetre. 

=  I  centimetre. 

)      .    =  I  metre  (unit  of  length). 

•  =ioTT!rtl^  inch  (approximately). 
.    ='0.3937  inch. 

=  39.3704  inches. 


I     D  E  X. 


Abbe's  condenser,  lo. 
Absolute  alcohol,  28. 
Absorption  of  fat,  283. 
Acid-alcobol,  65. 
Acid-fiicbsin,  74,  154. 
Acids,  30. 

Adenoid  reticulnm,  236. 

 tissue,  172,  398. 

Adipose  tissue,  i58,  398,  401. 
Agminated  follicles,  274. 
Air-bubbles,  loi. 
Albo-carbo  liglit,  23. 
Albuminous  glands,  258. 
Alcohol,  27. 

 dilute,  25. 

Alkalies,  93. 
Alum  carmine,  65. 
Ammoniacal  carmine,  63. 
Ammonium  bichromate,  25,  29. 

 chromate,  25,  29. 

Amoeboid  movement,  iii,  117. 
Angle  of  aperture,  13. 
Aniline-blue,  73. 

 blue-black,  76. 

 dyes,  72. 

 oil,  73. 

Anodon's  muscle,  201. 
Aorta,  226. 

Apochromatic  lenses,  14. 
Aponeurosis,  397. 
Aqueous  humour,  24. 
Arachnoid,  328. 

Areolar  tissue,  159,  161,  397,  400. 
An-ector  pili,  322. 
Arsenic  acid,  37. 
Arteriole,  229. 
Artery,  223. 

 elastic  fibres  in,  233. 

 endothelium  of,  228. 

Articular  cartilage,  150. 
Atrophic  fat-cells,  171. 


Auerbach's  plexus,  277. 
Axis-cylinder,  206,  211. 

Bacteria,  104. 
Balsam,  82,  85,  87. 
Baryta- water,  26. 
Basement  membrane,  311. 
Bayerl's  fluid,  36. 
Benzo-azurin,  131. 
Bile-ducts,  290. 

 auto-injection  of,  291. 

Bismarck  brown,  75. 
Bladder,  313. 

 cells  of,  190,  313. 

 frog's,  134,  190. 

 crayfish's,  115. 

Blood,  colourless  corpuscles  of,  no, 

117,  122,  402. 

 •  circulation  of,  231. 

 division  of,  113. 

 effects  of  reagents  on,  112,  114. 

 feeding  of,  1 1 3. 

 colourless  corpuscles  of,  glycogen 

in,  113. 

 migration  of,  113. 

Blood-corpuscles,  400. 

 amphibians,  106. 

 bird,  no. 

 cover-glass  preparations,  114. 

 crenation  of,  119. 

 crystals  from,  120,  402, 

 double  staining,  114. 

 enumeration  of,  121, 

 fish,  no. 

 frog,  106. 

 human,  115. 

 leukajmio,  121. 

 pseudo-mcmbranc,  114. 

 tablets,  106,  123. 

Blood,  efl'ect  on,  of  acetic  acid,  107, 
112. 
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Blood  aniline  dyes,  121. 

 of  boracic  acid,  109, 

 of  hydrochloric  acid,  loS. 

 of  magenta,  109. 

 ■  of  osmic  acid,  no. 

 ■  of  syrup,  108. 

 ■  of  tannic  acid,  109. 

 of  water,  108. 

Blood-plates,  106,  123. 
Blood-serum,  24. 
Blood-vessels,  223. 

 injection  of,  230. 

 development  of,  228. 

Bone,  174. 

 blood-vessels  of,  179,  i8i. 

 cancellated,  180. 

 corpuscles,  177. 

 decalcified,  177,  181. 

 development  of,  182. 

 marrow  of,  186. 

 perforating  fibres,  178. 

 polarised  light,  181. 

Borax-carmine,  64. 
Boveri's  fluid,  213. 
Bowman's  glands,  375. 
Bronchus,  297. 
Brownian  movement,  100. 
Brunner's  glands,  278. 

Cabinet,  2. 
Calcified  cartilage,  183. 
Caliciform  cells,  273. 
Camera  lucida,  17. 

 Abbe's,  17, 

 Chevalier's,  18. 

 Malassez's,  18. 

Camera,  Zeiss's,  17. 
Camera  obscura  shade,  23. 
Canada  balsam,  85. 
Capillaries,  224,  231. 
Capillary  attraction  method,  240. 
Carbolic  acid  and  xylol,  83. 
Cardiac  glands,  267. 

 muscle,  199. 

Carmine,  63,  64. 

 acid -chloral,  282. 

 and  Dahlia  fluid,  67. 

 Frey's,  641. 

Carter's  injection,  89. 
Cartilage,  146. 

 articular,  1 50. 

 cellular,  146. 

 costal,  148. 

— —  cuttlefish,  151- 

 encrusting,  184. 

 epiphysial,  184. 


Cartilage,  fibrous,  151. 

 ■  hyaline,  147,  397. 

 parenchymatous,  146. 

 transition,  155. 

Caustic  potash,  25. 
Cayal's  methods,  222. 
Cedar-wood  oil,  83. 
Cell,  animal,  141. 
Celloidin,  45. 
Cell-spaces,  162,  16S. 

 of  cornea,  361. 

Cellular  cartilage,  146. 

Cement  of  tooth,  251. 

Central  nervous  system,  staining  of, 

338- 

 freezing  method,  339. 

 Golgi's  methods,  344. 

 Pal's  method,  343. 

 Vessale's  method,  344. 

 Weigert's  method,  338. 

 "Weigert-Pal  method,  340. 

Central  tendon,  129,  237. 
Centrifuge,  94. 
Cerebellum,  349. 

 blood-vessels  of,  351. 

 Golgi's  method,  355. 

Cerebrum,  351. 

 blood-vessels  of,  355. 

 Golgi's  method,  357. 

 Weigert's  method,  357. 

Ceruminous  glands,  371. 
Chalice-cells,  139,  273. 
Choroid,  362. 

 pigment-cells  of,  363. 

Chromic  acid,  25,  28. 

 and  nitric  acid,  36. 

Chromo-acetic  acid,  31. 

 aceto-osmic  acid,  32. 

 formic  acid,  31. 

 osmic  acid,  37. 

Ciliary  muscle,  363. 
 motion,  135. 

 effects  of  reagents  on,  136. 

 processes,  363. 

Ciliated  e]5ithelium,  135. 

 isolated  cells,  138. 

Circulation  of  blood,  231. 

 in  frog's  tongue,  234. 

Circumvallate  papillm,  247. 
Clarifying  reagents,  82. 
Clarke's  column,  330. 
Clasmatocytes,  162. 
Cloves,  oil  of,  83. 
Coarsely-gi-anular  cells,  162. 
Cochineal,  67. 
1  Cochlea,  371. 
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Cockroach,  salivary  glands  of,  265. 
Cohnheim's  areas,  200. 
Collateral  fibres,  346. 
Collodion,  211. 
Colostrum,  395. 
Columnar  epithelium,  131. 
Condenser,  10. 
Cones,  368. 

Connective  tissues,  156. 
Convoluted  tubules,  305. 
Copper  acetate,  338. 
Cornea,  358. 

 cell-spaces  of,  361. 

 corpuscles,  359,  396. 

 fibrils  of,  369. 

 lym'ph-spaces,  396. 

 nerves  of,  359. 

Corrosive  sublimate,  33. 
Cortex  cerebri,  352. 
Cortical  arteries,  355. 
Corti's  organ,  373. 
Costal  cartilage,  148. 
Cotton  fibres,  102. 
Cover-glasses,  I. 

 to  clean,  98. 

Cover-glass  tester,  23. 

Crab's  muscle,  196. 

Crayfish  blood,  1 1 5. 

Crenation,  119. 

Crista  aeustica,  374. 

Creosote,  83. 

Crusta  petroaa,  251. 

Cutting  sections  in  series,  53,  60. 

Cuttlefish  cartilage,  151. 


Dahlia,  73. 
Dammar  lac,  86. 
Decalcifying  fluids,  36. 
Decussation  of  pyramids,  347. 
Demilunes,  258,  260,  265. 
Dentine,  251. 

Descemet's  membrane,  359. 
Diaphragm,  129,  237,  401. 
Diaphragms,  7. 
Digestion  methods,  26. 
Dilute  alcohol,  25. 
Dissecting  case,  2. 

 microscopes,  22. 

Dissociating  fluids,  24. 

Dogiel's  method,  167. 

Drawing  materials,  3. 

Dry  cover-glass  preparations,  114. 

Duck's  bill,  378. 

Ductule,  257. 

Dura  mater,  328. 


Ear,  371. 

 cartilage,  154. 

Ebner's  fluid,  37. 
Ehrlich-Biondi  fluid,  81,  140. 
Ehrlich's  hcematoxylin,  69. 
Eimer,  organ  of,  381. 
Elastic  fibres,  157,  397- 

 Herxheimer's  method,  161. 

 Martinotti's  reaction,  161. 

Embedding,  40. 

 boxes,  45. 

 in  celloidin,  45. 

 in  gum,  41. 

 in  paraffin,  41,  44. 

 interstitial,  41. 

Enamel,  251. 
End-bulbs,  378. 
Endocardium,  223. 
Endothelium,  129,  398. 

 of  arteries,  228. 

End-plates,  219. 
Eosin,  72. 

Eosin-hsematoxylin,  70. 
Eosinophilous  cells,  122. 
Epidermis  of  man,  317,  325. 

 of  newt,  126. 

Epididymis,  387. 
Epiglottis,  153. 
Epiphysis,  184. 

Epithelial  cells,  fibrillation  of,  327. 
Epithelium,  124,  398. 

 ciliated,  135. 

 columnar,  131. 

 germinating,  239. 

 glandular,  133. 

 secretory,  133. 

 squamous,  124. 

 transitional,  133. 

Erlicki's  fluid,  29. 
Eternod's  rings,  77. 
Eye,  358- 

 blood-vessels  of,  369. 

 triton's,  370. 

Eyelid,  369. 

Fallopian  tube,  390. 
Tarrant's  solution,  85. 
Fat-cell,  169. 

 absorption  of,  283. 

 action  of  reagents  on,  169. 

 atrophic,  171. 

■        development  of,  171. 

Fenestrated  membranes,    15S,  160 
227. 

Fibres  of  Tomns,  253. 
Fibrin,  119,  123. 
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Fibro-cartilages,  151. 
Filiform  papilla:,  246. 
Fixatives,  60. 
Fixing  fluids,  27. 
Flemming's  fluid,  32. 
Fol's  solution,  32. 
Formatio  reticularis,  348. 
Free  nerve-endings,  376. 
Freezing  fluid,  50. 

Fresh  tissues,  examination  of,  93,  396. 
Frog's  bladder,  1 34. 

 heart,  nerve-cells  of,  233. 

 tongue,  140. 

Frommann's  lines,  207,  211. 
Fuchsin,  74. 
Fundus  glands,  268. 
Fungiform  papilliB,  247. 

Gamboge,  100. 
Ganglion,  spinal,  214. 

 sympathetic,  216. 

Gasserian  ganglion,  215. 
Gastric  gland-cells,  268. 
Gaule's  method,  61. 
Genital  corpuscles,  37S. 
Gentian  violet,  73. 
Germinal  epithelium,  389. 
Germinating  epithelium,  239. 
Gland-ducts,  265. 
Glandular  epithelium,  133. 
Glia-cells,  .343. 
Glisson's  capsule,  285. 
Glycerine,  85. 
—  jelly,  85. 
Glycogen,  293. 
Goblet-cells,  13S,  140,  273. 
Gold  chloride,  78. 
Golgi's  methods,  78,  220,  344. 

 slow  method,  344. 

 sublimate  method,  345. 

 rapid  method,  345. 

 for  retina,  369. 

GoU's  column,  330. 
Graafian  follicles,  389. 
Gram's  method,  105. 
Grandry's  corpuscles,  377. 
Granular  cells,  156,  293,  401. 
Guanin  cells,  173. 
Gustatory  cells,  250. 

Ham- ALUM,  71. 
Hamatein,  71. 
Ha?matoxylin,  68,  71. 

 acid,  69. 

 Bbhmer's,  68. 

 Delafield's,  69. 


Hajmatoxylin,  Ehrlich's,  69. 

 eosin,  70. 

 glycerine,  70. 

 Hamilton's,  69. 

 Heidenhain's,  70. 

 Kleinenberg's,  69. 

 Kultschitzky's,  340. 

 nucleus-staining,  69. 

 Weigert's,  338. 

Hfemin,  126. 
Htemoglobin,  120. 
Htemolymph,  115. 
Hair,  human,  323. 

 blood-pigment  in,  327. 

 development  of,  327. 

 elements  of,  324. 

 rabbit's,  324. 

Hair-follicles,  321. 

 coverings  of,  321. 

 development  of,  327. 

 double-staining  of,  327. 

Hairs,  tactile,  327. 
Half-drying  method,  159. 
Hamilton's  hematoxylin,  69. 
Hardening  fluids,  27,  33. 
Hard  palate,  126. 
Hartnack's  dry  lenses,  40S. 
Hassall's  corxHiscles,  242. 
Hayem's  fluid,  122, 
Heart,  223. 
 valves,  225. 

Heidenhain's  method,  70,  259,  282. 
Henle's  tubule,  305. 
Herbst's  corpuscles,  379. 
Hermann's  fluid,  384. 
Herxlieimer's  method,  161,  326. 
Horny  eiDidermis,  127. 
Hot  stage,  117. 
Howship's  lacunfe,  184. 
Hyaline  cartilage,  147. 
Hypodermic  syringe,  161. 
Hypophysis  cerebri,  357. 

Illumination,  artificial,  21. 

 direct  and  oblique,  7. 

Immersion  lenses,  12. 
Impregnacion  doble,  222,  346. 
Incremental  lines,  252. 
Indigo-carmine,  67. 
Indirect  cell-division,  141. 
Inflammation,  233. 
Injection  mass,  89. 

  methods  of,  91. 

Intercellular  bridges,.  127. 

 channels,  127. 

Intercostal  nerve,  207. 


INDEX. 


Interglobular  spaces,  252. 
Interlobular  artery,  310. 
Intervertebral  disc,  151. 
Intestinal  glands,  283. 
Intestine,  large,  280. 

 small,  272. 

Iodine  green,  74. 
Iodised  serum,  25. 
Iris,  363. 

Irregular  tubules,  305. 
Imgatiou,  107. 

Kakyokinesis,  141,  145. 
Kidney,  303. 

 blood-vessels  of,  306. 

 convoluted  tubules,  308. 

  fresh,  311. 

 glomerulus,  307. 

 injected,  309. 

 irregular  tubules,  308. 

 isolated  tubules,  311. 

 medullary  ray,  309. 

Ivleinenberg's  haematoxylin,  69. 

 fluid,  30. 

Klein's  fluid,  29. 
Kochs-Wolz  lamp,  22. 
Kronecker's  fluid,  24.  ■ 
Kiihne's  method,  211. 
Kultschitzky's  hfematoxylin,  340. 
 method,  344. 

Labels,  4. 

Lachrymal  gland,  371. 
Lacteal,  273,  282. 
Landois'  fluid,  26. 
Large  intestine,  280. 
Leitz's  lenses,  409. 
Lens,  crystalline,  364. 

 epithelium  of,  369. 

Lenses,  apochromatic,  15. 

 dry,  II. 

 immersion,  11. 

Leucocytes,  122,  402,  403. 

Leuka;mia,  121. 

Lieberkiihn's  glands,  273,  280. 

 mitosis  in,  283. 

Ligamentum  nucha;,  157. 
Linen  fibres,  102. 
Lithium  carmine,  65. 
Liver,  285. 

 bile  capillaries  of,  291,  292. 

 bile  ducts,  290. 

 blood-vessels  of,  285,  289. 

 cells,  133. 

 connective  tissue  of,  292. 

 frog's,  288. 


Liver,  glycogen  in,  293. 

 •  granular  cells  of,  293. 

 human,  288. 

 iron  in,  293. 

 methods  for,  2S6. 

 pigment  in,  293. 

 pig's,  286. 

 rabbit's,  288. 

Loffler's  blue,  93. 
Logwood,  71. 
Lugol's  solution,  93. 
Lungs,  294. 

 blood-vessels  of,  294. 

 •  dried,  300. 

 elastic  fibres  in,  300,  302. 

 foetal,  300. 

 fresh,  300. 

■  frog's,  302. 

 newt's,  302. 

Lymph,  112. 

 channels,  237. 

 gland,  234,  23s,  245. 

Lymphatics,  234. 

Macrophages,  285. 
Macula  lutea,  370. 
Magenta,  74. 
Magnifying  power,  19. 

 powers  of  objectives,  40S. 

Malpighian  capsule,  304. 

 pyramid,  303. 

Mammary  gland,  393. 

 active,  395. 

Marchi's  method,  212,  347. 
Margarine  crystals,  170. 
Marrow,  186,  401. 
Martinotti's  methods,  161. 
Mastzellen,  67,  156,  162,  401. 
May's  methods,  219. 
Mayer's  embedding  bath,  37. 
Measures,  410. 
Medulla  oblongata,  347. 

 olivary  bodies,  34S. 

Medullary  ray,  303. 

Medullated  nerve-fibres,  202,  399. 

Meissner's  corpuscles,  380. 

 plexus,  277. 

Membrana  tympani,  371. 
Mercuric  chloride,  33. 

 method  for  nervous  system,  345. 

Merkel's  corpuscles,  377. 
Methylated  spirit,  28. 
Methyleno-blue,  73,  131,  192,  222, 

370,  284. 
Mothyl-green,  74. 
Methyl-mixture,  26. 
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Methyl-violet,  73. 
Micrococci,  104. 
Micrometer,  20. 
Micro-organisms,  103. 
Microphages,  285. 
Microscope,  5. 

■        choice  of,  15. 

 dissecting,  23. 

 illumination  of,  7. 

 lamp,  21. 

 magnifying  power  of,  19. 

 makers  of,  409. 

 parts  of,  15. 

Microtomes,  49. 

 Cambridge,  53. 

 Cathcart's,  53. 

 Jung's,  56. 

 makers  of,  410. 

 Malassez's,  56. 

 Minot's,  55. 

 Ranvier's,  59. 

 Roy's,  53. 

 Rutherford's,  50. 

 Swift's,  59. 

 Thoma's,  56. 

 Williams',  58. 

Migratory  cells,  157. 
Milk,  98. 
Mitosis,  I4i>  145- 
Mounting  block,  89. 

 fluids  and  methods,  85. 

Mole's  nose,  381. 

Mucigen,  139,  260 

Muco-salivary  glands,  257,  262,  264. 

Mucous  cells,  265. 

 glands,  256,  258. 

 tissue,  171,  174- 

Midler's  fluid,  29. 

 and  spirit,  29. 

Multipolar  nerve-cells,  217,  343- 
Muscle,  189,  398- 

 striped,  189,  398. 

Myelin,  205.. 

 drops,  205. 

Myeloplaxes,  187. 
Myocardium,  223. 

Nail,  326.  .  . 

 double-stamed,  327. 

Needles,  2. 

Nerve-cells,  213,  399-  ^.  .  „ 
 cover-glass  preparations  ot,  21b. 

 r  crayfish,  223. 

 in  frog's  heart,  221,  233. 

 multipolar,  217,  343- 

 pyriform,  221. 


Nerve-cells,  spinal  cord,  217, 

 sympathetic,  217,  222. 

 transverse  markings  on,  207. 

Nerve-endings,  376. 
Nerve-plexuses,  276, 
Nerve-fibres,  202. 

 axis-cylinder  of,  205,  208,  21 

 degeneration  of,  213. 

 in  osmic  acid,  206,  211, 

 intercostal,  207. 

 living,  212. 

 meduUated,  202,  399. 

 ■  non-niedullated,  203,  209. 

 size  of,  212. 

 spinal  cord,  213, 

 to  muscle,  219. 

•        transverse  markings  on,  207. 

Nerve-plexus  iii  intestine,  277. 
Nerve-trunks,  203. 
Neuroglia,  341,  343. 
Neurokeratin,  210. 
Newt's  cartilage,  145. 
Nitric  acid,  31. 
Nodes  of  Ranvier,  202. 
Non-medullated  nerve-fibres,  203. 
Non-striped  muscle,  189. 

 cement  of,  191. 

 grooving  gn,  193. 

 plexus  in,  192. 

Normal  fluids,  24.  , 

 saline,  24. 

Nose,  374,  376. 
Nuclear  stains,  63. 

Objectives,  9. 
Obreggia's  method,  404. 
Oculars,  5,  10. 
Odoutoljlasts,  253. 
(Esophagus,  255. 

 and  stomach,  271. 

Oikoid,  109. 
Olfactory  bulb,  376. 

 cells,  375. 

Omentum,  129. 
Onion,  103. 

Opaque  injections,  289, 
Optic  nerve,  368. 

 entrance  of,  370. 

Origanum  oil,  83. 
Osmic  acid,  25,  32. 
Osmico-bichromate  mixture,  345. 
Ossification,  1S2. 
Osteoblasts,  178. 
Osteoclasts,  183. 
Ovary,  388. 
Ovum,  390. 


INDEX. 


Pacinian  corpuscle,  37S. 
Palate,  hard,  126. 

 glands  of,  251. 

 soft,  250. 

Palm  of  hand,  317. 
Pal's  method,  343. 
Pancreas,  262,  404. 

 cells  of,  265. 

 nerves  of,  266. 

Papillre  foliatiie,  249. 

 of  skin,  315. 

 of  tongue,  246. 

Paraffin,  41. 
PenicUlium,  103. 
Penis,  313. 
Perenyi's  fluid,  31. 
Perforating  fibres,  178. 
Pericardium,  223. 
Pericesophageal  membrane,  163. 
Periodontal  membrane,  252. 
Periosteum,  177. 
Peyer's  patch,  272,  274,  284. 
Phagocytosis,  284. 
Phenylene-brown,  75. 
Phloroglucin,  37. 
Photophore,  27. 
Pia  mater,  228. 
Picric  acid,  30,  36. 
Picrin-glycerine,  192. 
Picro-carmine,  66,  80. 
Picro-glycerine  mixture,  192. 
Picro-lithium  carmine,  66. 
Picro-nitric  acid,  31. 
Picro-sulphuric  acid,  30. 
Pigment-cells,  173,  397. 

 choroid,  363. 

Pipettes,  4. 
Pituitary  iDody,  357. 
Placenta,  395. 

 injected,  396. 

Plasma-cells,  156. 
Polariscope,  200. 
Potassic  bichromate,  25,  29. 
Potato  starch,  100. 
Preparation  of  tissues,  38,  396. 
Prickle  cells,  127,  318. 
Pulp  cavity,  253. 
Purkinje's  cells,  351. 

 fibres,  225. 

Pyloric  glands,  270. 
Pyloro-duodenal  region,  271. 
Pyriform  nerve-cells,  221. 

Rap.l's  fluid,  31. 

Ran vier's  crosses,  207,  211. 

 fluid,  25. 


Ranvier's  nodes,  206. 
Razor,  3. 

Rectified  spirit,  28. 
Red  marrow,  187. 
Respiratory  organs,  295. 
Retina,  365,  370,  399. 

 cones  of,  367. 

 frog's,  368. 

 Golgi's  methods  for,  369. 

 macula  lutea,  370. 

Retro-lingual  membrane,  201. 
Rice-starch,  100. 
Ripart  and  Petit's  fluid,  24. 
Rosauilin,  74. 

Safkanin,  75. 
Salivary  corpuscles,  125. 

 glands,  256,  404. 

 of  cockroach,  265. 

Sarcolemma,  193. 
Sarcostyles,  198. 
Scalp,  323. 

Schieff'erdecker's  fluid,  26. 
Schizomycetes,  105. 
Schreger's  lines,  252. 
Sebaceous  glands,  323. 
Section  cutting,  48. 

 flatteners,  59. 

 ■  in  series,  60. 

 lifter,  3. 

 to  place  on  slide,  86. 

Semicircular  canals,  374. 
Semidesiccation  method,  159. 
Seminiferous  tubules,  3S2. 
Sensory  nerve-terminations,  376. 
Septum  cisternse,  238. 
Serial  sections,  60. 
Serous  fluids,  113. 

 glands,  257,  261. 

 nerves  in,  265. 

Serum,  action  of,  124. 

 and  osmic  acid,  78. 

Sharpey's  fibres,  178. 
Silver  lines,  129. 

  nitrate,  76. 

Skin,  315. 

 blood-vessels  of,  325. 

 ■  cutis  vera,  315. 

 elastic  fibres  in,  326. 

 •  epidermis  of,  325. 

 ■  finger,  317. 

 foetal,  320. 

 injected,  325. 

 negro's,  320. 

 ■  nerves  of,  377. 

 sebaceous  glands  of,  322. 
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Skin,  sweat-glands  of,  319,  327. 

 touch-corpuscles  of,  320. 

 to  clean,  98. 

Slides,  I. 

Small  intestine,  272. 

 absorption  of  fat,  283. 

 blood-vessels  of,  275. 

 nerve-plexuses  of,  276. 

 nerves  of,  284. 

Soft  palate,  250. 
Solitary  follicles,  275,  280. 
Spermatogenesis,  383,  385. 
Spermatozoa,  386. 

 cover-glass  preparations,  387. 

 frog's,  386. 

 human,  387. 

  newt's,  386. 

Spiller's  purple,  74. 
Spinal  cord,  328. 

 cells  of,  217,  329. 

 collateral  fibres,  346. 

 columns  of,  330. 

 commissures  of,  329. 

 cornua,  329. 

 degeneration  of,  332,  347. 

 dry  preparation  of,  342. 

 fissures  of,  328. 

 ganglia,  213. 

 grey  matter  of,  334. 

 human,  337. 

 longitudinal  section,  335. 

.   nerve-cells,  343. 

 nerve-fibres  of,  341. 

 neuroglia  of,  341. 

 staining  of,  341. 

 substantia  gelatinosa,  329. 

 tracts  in,  542. 

 white  matter  of,  335. 

Spleen,  242. 

 injected,  245. 

Squames,  125. 

Staining  in  bulk,  44- 

 general  remarks,  81. 

 multiple,  80. 

 reagents,  63. 

Starch,  potato,  100. 

 rice,  100. 

Stomach,  266. 

 blood-vessels  of,  271. 

 cardiac  end,  267. 

 double  staining  of,  271. 

 methods  for,  267. 

 nerves  of,  284. 

 pyloric  end,  270. 

Stomata,  239. 

Stratified  epithelium,  126. 


Striped  muscle,  193,  39S 

 Anodon's,  201. 

 cardiac,  199. 

 crab's,  196,  200. 

 discs,  195. 

 fibrilla;  of,  195. 

 frozen,  200. 

 injected,  198. 

 isolated  fibres,  194. 

 living,  200. 

 red,  199. 

 sarcolemma,  193. 

 tendon  of,  196. 

Sublingual  gland,  259. 

Submaxillary  glands,  259,  262,  264 

Suprarenal  capsule,  314. 

 nerves  of,  315. 

Sweat-glands,  319,  327. 

Sympathetic  nerve-fibres,  209. 

 ganglia,  216. 

 nerve-cells,  222. 

 Cayal's  method,  222. 

Syringes,  91. 

Tactile  cells,  377,  381. 

 disc,  377. 

 hairs,  327. 

Taste-buds,  249. 
Teasing,  26. 
Tendon,  163,  397. 

 nerves  in,  221. 

Terminal  corpuscles,  377. 
Testis,  387. 
Thymus  gland,  241. 
Thyroid  gland,  301. 
Tizzoni's  reaction,  293. 
Tongue,  246. 

 circiilation  in,  234. 

 frog's,  140. 

 gland  of,  251. 

 injected,  248. 

 nerves  of,  251. 

 jiapilioe  of,  246. 

Tonsils,  239. 
Tooth,  251. 

 development  of,  253. 

 softened,  252. 

Touch-corpuscle,  3S0. 
Trachea,  294. 

Transitional  epithelium,  133. 
Tubules  isolated  of  kidney,  31 1 

Umbilical  cord,  395. 
TJnna's  method,  327. 
Ureter,  312. 
Uterus,  392. 
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Valentin's  knife,  49. 
Valves  of  heart,  225. 
Vas  deferens,  388. 
Vegetable  cells,  103. 
Veins,  224,  230. 
Vermiform  appendix,  281,  284. 
Vessale's  method,  344. 
Vesuvin,  76. 

Villus  of  intestine,  272,  280,  282. 

 injected,  275. 

Volkmann's  canals,  176. 
Von  Ebner's  fluid,  37. 

Wagner's  touch-corpuscles,  380. 
Warm  stages,  117. 
Weigert's  hfematoxylin,  338. 
 method  for  staining  central  ner- 
vous system,  338. 


Weigert-Pal  method,  340. 
Weights,  416. 
Welsbach  light,  22. 
Westphal's  fluid,  67. 
Wharton's  jelly,  171. 
White  fibro-cartilage,  152. 

 zinc  cement,  89. 

Wool,  102,  324. 
Works  of  reference,  406. 

Xylol,  83. 
 balsam,  86. 

Yeast,  104, 

Zeiss's  lenses,  409. 
Zinc  cement,  89. 
Zooid,  109. 
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TEETH,  Care  of  the.  '. 
THERMODYNAMICS,  (Rar 
TRAVERSE  Tables, 
VIRGIL,  Works  of,  . 
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CHARLES  GRMN  &  COfflPAM'S 

LIST  OF  PUBLICATIONS. 


RELIGIOUS  WORKS. 


ANECDOTES  (Cyclopaedia  of  Religious  and 

Moral).    With  an  Introductory  Essay  by  the  Rev.  George  Cheever, 
D  D.     Thirty-sixth  Thousand.    Crown  8vo.    Cloth,  3/6. 
»."•  These  Anecdotes  relate  to  no  trifling  subjects;  and  they  have  been  selected,  not 
for  amusement,  but  for  instruction.    By  those  engaged  m  the  tuition  of  the  young,  they 
will  be  found  highly  useful. 

The  Large- Type  Bunyan. 

BUNYAN'S  PILGRIM'S  PROGRESS.  With 

Life  and  Notes,  Experimental  and  Practical,  by  William  Mason. 
Printed  in  large  type,  and  Illustrated  with  full -page  Woodcuts.  Tivtlfth 
Thousand.    Crown  8vo.    Bevelled  boards,  gilt,  and  gilt  edges,  3/6. 

CHRISTIAN  YEAR  (The) :  With  Memoir  of  the 

Rev.  TOHN  Keble,  by  W.  Temple,  Portrait,  and  Eight  Engravings  on 
Steel,  after  eminent  Masters.    Nroj  Edition.    Small  8vo,  toned  paper. 

^'vTh!';bove  is  the  only  issue  of  the  ".Christian  Year  "  with  Memoir  and  Portrait 
of  the  Author.    In  ordering,  Griffin's  Edition  should  be  specified... 

CRUTTWELL  (REV.  CHARLES  T„  M.A.) 

A   HISTORY   OF    EARLY   CHRISTIAN  LITERATURE.  In 

large  8vo,  handsome  cloth.  .   ,    •  ,c  .  yVJ'T'cTrix 

V  Thi    work  is  intended  not  only  for  Theological  Students    bm  to^ 

DICK     (Thos.,     LL.D.):  CELESTIAL 

SCENERY  ;  or.  The  Wonders  of  the  Planetary  System  Displayed.  This 
Work  is  intend;d  for  general  readers,  presenting  to  their  view,  in 
auractive  manner,  sublime  objects  of  contemplation.     Illustrated  New 
EdUton.    Crown  8vo,  toned  paper.    Handsomely  bound,  gilt  edges,  5/- 
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Now  Ready.    Fifth  and  Greatly  Improved  Edition,    In  Large  8vo. 
Cloth  Elegant,  6/.    Gilt  and  Gilt  Edges,  7/6. 


THE  STORY  OF  THE  BIBLE, 

From  GENESIS  to  REVELATION. 

Including  the  Historical  Connection  between  the  Old  and  New  Testaments. 
Told  in  Simple  Language. 

By    CHARLES  FOSTER. 

mm  /iDaps  anO  over  250  Bngravfngs 

(Many  of  them  Full-page,  after  the  Drawings  of  Professor  Carl  Schonherr  and  others), 

Uluatrative  of  the  Bible  Narrative,  and  of  Eastern 
Manners  and  Customs. 


Opinions  of  the  Press. 
"A  book  which  once  taken  up,  is  not  easily  laid  down.    When  the  volume  is  opened 
r,.^  f  ff-^  ^l'^"^'''-  '°  ^Pf^''  "f'he  weU-executed  wood  engravings,  wb°ch  will 

each  tell  I  s  ston',  we  find  a  simple  version  of  the  main  portions  of  the  Biblf,  all  "hit  mav 
most  profitably  be  mcluded  m  a  work  intended  at  once  to  instruct  and  chaJm  he  youne 

;hro,rJi."'?  '°         =."?P'f' '  P"^«=''  """^  idiomatic  English,  a"d  exe^cuted 

throughout  with  good  taste,  and  m  the  most  reverential  spirit.  ThTwork  «iecU  onlv  i» 
be  known  to  make  tts  way  into  families,  and  it  wiU  (at  £uy  rate,  it  oZht  w(  become  a 
favourite  Manual  m  Sunday  Schools."-.S-«<j»/fl«.  '     ^       '  » 

"A  Household  Treasure."— W'fj^^rw  Morning  News. 

attractive  and  handsome  volume   .    .    .    written  in  a  simple  and  transparent 
F^eem^n. '    '  explanations  and  comments  are  models  of  teacSin""- 

"This  large  and  handsome  volume  abounding  in  Illustrations,  is  just  what  is  wanted 
.  .  .  The  Story  is  very  beautifully  and  reverently  told. "-Gij4-<^  waniea. 
Re^]"  """'"^  Presentation  Books  than  this  handsome  volume."-Z?««/^ 

"  Will  accomplish  a  good  fio-RVi." —Sunday  School  ChronicU. 

"  In  this  beautiful  volume  no  more  of  comment  is  indulged  in  than  is  nece«arv  fn  fh» 
'^^^^■^'^tLTtMl'S^^^  "''"^  ''^"^-^  narro':n°^?^r^'°ft:^; 

"  This  simple  and  impressive  Narrative   .    .    .    succeeds  thnrnno-Mir  ;n  r^-,,-.:  .v 
^>^,^'    ■    •    ■  ^'^"-'''y^^daptedfor^^^ali^L'nfe'']^;^^^^^^^^^ 

"The  Historical  Sketch  connecting  the  Old  and  New  Testaments  is  a  vrrv  o-n^H 
:^y.l'i;/r."-cl;^^^^^^^^^  °°  -  histones.Tn^tTadVa^Tarrj'f 
ha:dsrm'e^it°e°"lA^',Xr'«f^!'^^  °^  Families  wiU  best  know  how  to  value  thi, 

r*i  T'^^J'°''^\^^^^  ox\gmz}i  English  Edition.  In  orderine 
Griffin's  Edition,  by  Charles  Foster,  should  be  distinctly  specifi^' 
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CHARLES  QRIFFIN  Jk  CO.'S  PUBLICATIONS. 


STANDARD  BIBLICAL  WORKS 

BY 

THE  REV.  JOHN  EADIE,  D.D.,  LKD., 

Late  a  Member  of  tlu  New  Testament  Revision  Company. 


This  Series  has  been  prepared  to  afford,  sound  and  ^o'^mpletk"  L°bS'ry 

ScriDture  The  Volumes  comprised  in  it  form  m  themselves  a  Complete  Library 
OF  REFERENeE    The  number  of  Copies  already  issued  greatly  exceeds  A  quarter  of  a 


MILLION. 


I.  EADIE  (Rev.  Prof.):  BIBLICAL  CYCLO- 
PEDIA (A);  or,  Dictionary  of  Eastern  Antiquities,  Geography,  and 
Natural  History,  illustrative  of  the  Old  and  New  Testarnents  With  Maps, 
many  Engravings,  and  Lithographed  Fac-simile  of  the  Moabite  Stone. 
Larg^e  po.f  8vo,  7<^  pages.   Handsome  cloth,  7/6.   Iwcnty-s^xth  Edition. 

II.  EADIE  (Rev.  Prof.)  :  CRUDEN'S  CON- 
CORDANCE TO  THE  HOLY  SCRIPTURES.  With  Portrait  on 
Steel,  and  Introduction  by  the  Rev.  Dr.  King.  Post  8vo.  Fiftytlnrd 
Edition.    Handsome  cloth,  ;  3/6, 

V  Dr  EADiE'shas  long  and  deservedly  borne  the  reputation  of  being  the  COM- 
PLETEST  and  BEST  CONCORDANCE  extant. 

III.  EADIE  (Rev.  Prof.):  CLASSIFIED  BIBLE 

(The).  An  Analytical  Concordanoe.  lUustrated  by  Maps.  Large  Post 
8vo.    Sixth  Edition.    Handsome  cloth,  8/6. 

"We  have  only  to  add  our  unqualified  commendation  of  a  work  of  real  exccUence  to 
every  Biblical  student."— C/tm/w»  Tinus. 

IV  EADIE  (Rev.  Prof.) :  ECCLESIASTICAL 

'rvCT  OPEDIA  (The).    A  Dictionary  of  Christian  Antiquities,  and  of 

Z^^ofoh^lSL..^^^^  Church.'  ^^J^^l-'-  IrtSditlr"' 
assisted  by  numerous-Contributors.    Large  Post  8vo.    Sixth  Edition. 

Handsome  cloth,       ....  8/6. 

V  EADIE  (Rev.  Prof):  DICTIONARY  OF 

•  THE  HOLY  BiW) ;  for  theLe  of  Young  People.    With  Map  and 
lUustrations.    Small  8vo.    Thirty-eighth  Thousand. 

Cloth,  elegant  2/°' 
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MR.  SOUTHGATE'S  WORKS. 

{Sec  also  ^.  66.) 


•'  No  one  who  is  in  the  habit  of  writing  and  speaking  much  on  a  variety  of  subjects  can 
afford  to  dispense  with  Mr.  Southgatk's  News.  ^"BJccts  can 


SUGGESTIVE  THOUGHTS  ON^REUGIOUS  SUBJECTS: 

A  Dictionary  of  Quotations  and  Selected  Passages  from  nearly  1,000 
of  the  best  Wnters,  Ancient  and  Modem. 

Compiled  and  Analytically  Arranged 

By    HENRY  SOUTHGATE. 

In  Square  8vo,  elegantly  printed  on  toned  paper. 
Presentation  Edition,  Cloth  Elegant,  , 

Library  Edition,  Roxburghe,   I  ( 

Ditto,  Morocco  Antique,  '  20/ 

tn,st,b^^e.^;LX^^^^^^^^^ 

rhouehts:"-JL%JFj^s!    J^"^  IS  arraneed  and  Ulustratcd  in  'Suggestive 


"Every  day  is  a  lilile  //>5r."-BisH0P  Hall 

THE    CHRISTIAN  LIFE: 

Thoughts  in  Prose  and  Verse  from  500  of  the  Best  Writers  of  all  Ages 
Selected  and  Arranged  for  Every  Day  in  the  Year. 

By  MRS.  H.  SOUTHGATE 

Small  8vo.    With  Red  Lines  and  unique  Initial  Letters  on  each  page. 
Clotli  Elegant,  5/.    s^con^i  Edition. 

;;  A  vclnme  as  handsome  as  it  is  intrinsically  vahiablc."-.SV<>i'««a« 
1    Ko.nlinKsare  exccllent.'-i^fffl,,/.  •Scotsman. 
A  l.hrriry  in  \^-i<t\t"—Norilterii  H^/tig. 
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CHARLES  GRIFFIN  S  CO:S  PUBLICATIONS. 


MIND    IN  MATTER: 

BY  THE 

REV.  JAMES  TAIT. 
I  Third  Edition.    Demy  8vo.    Handsome  Cloth,  6/. 

General  Contents. -Evolution  in  Nature  and  Mind-Mn  Darwin  and 
Mr  Her^rt  Spencer-Inspiration,  Natural  and  Supernatural- Deductions. 

\*  Special  attention  has  in  this,  the  Third  Edition,  been  directed  to 
Embryology  and  later  Darwinism. 

•<  An  ablLnd  original  contribution  to  Theistic  literature.     .     .     .    The  style  .s  pointed. 

concise,  and  telling  to  a  degree."-G&i|-<'a'  hiehly  suggestive  and 

"  Mr.  Tait  advances  many  new  and  striking  arguments    .    .    .    nigmy  bugg 

{tesh.."—3rie.  Quarterly  Review. 


THE  MASSES: 

HOW  SHALL  WE   REACH  THEM? 

Some  Hindrances  in  the  way,  set  forth  from  the  standpoint  of  the  People,  with 
Comments  and  Suggestions. 

BY 

AN   OLD   LAY  HELPER. 

Cloth,  2s.  6d.    Second  Edition. 
•  •  An  attempt  to  set  forth  some  deficiencies  in  our  present  methods  of 
reaching  the  poor,  in  the  language  of  the  People  themselves. 

■  So  In  of  sug^estiveness  that  we  should  reprint  a  ti^he  of  the  book  if  we  were  to 

i  ^^r^'Sfg  bo1l:'°^^"?' CU"S^S  T^J^^^  of  work  amo„.  the 

mASSsi:  —£^nglish.  Churchman. 

WORDS  AND  WORKS  OF  OUR  BLESSED  LORD: 

AND  THEIR  LESSONS  FOR  DAILY  LIFE. 
Two  Vols,  in  One.     Foolscap  8vo.     Cloth,  gilt  edges,  6/. 
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MEDIGINE  AND  THE  ALLIED  SCIENCES. 


forks  in  Medicine,  Surgery,  and  the  Allied  Sciences. 


special  Illustrated  Catalogue  sent  Post-free  on  application. 


W  O  II  K  s 

By  Sir  WILLIAM  AITKEN,  M.D.,  Edin.,  F.R.S., 

LATE  PROFESSOR  OF  PATHOLOGY  IN  THE  ARMY  MEDICAL   SCHOOL  ;    EXAMINER  IN  MEDICINE 
FOR  THE  MILITARY  MEDICAL  SERVICES  OF  THE  QUEEN  ;   FELLOW  OF  THE  SANITARY 
INSTITUTE  OF  GRE  XT  BRITAIN;  CORRESPONDING  MEMBER  OF   THE  ROYAL 
IMPERIAL   SOCIETY   OF   PHYSICIANS   OF   VIENNA;   AND   OF  THE 
SOCIETY  OF  MEDICINE  AND  NATURAL  HISTORY  OF  DRESDEN. 


Seventh  Edition. 

THE  SCIENCE  AND  PRACTICE  OF  MEDICINE. 

In  Two  Volumes,  Royal  8vo.,  cloth.  Illustrated  by  numerous  Engravings 
on  Wood,  and  a  Map  of  the  Geographical  Distribution  of  Diseases.  To  a 
great  extent  Rewritten  ;  Enlarged,  Remodelled,  and  Carefully  Revised 
throughout,  42/. 

Opinions  of  the  Press. 

"The  work  is  an  admirable  one,  and  adapted  to  the  requirements  of  the  Student  Pro- 
fessor, and  Practitioner  of  Medicine.  ...  The  reader  will  find  a  large  amount  of 
inlormation  not  to  be  met  with  m  other  books,  epitomised  for  him  in  this  We  know  of 
no  work  that  contains  so  much,  or  such  full  and  varied  information  on  all  subjects  connected 
with  the  Science  and  Practice  of  Medicine."— jl^anc?/. 

"The  Seventh  Edition  of  this  important  Text-Book  fully  maintains  its  reputation. 

•  Tj"  •  J  x,^"  "  '"'^S'^t'gable  in  his  efforts.  .  .  .  The  section  on  Diseases  of 
the  Brain  and  Nervous  System  is  completely  remodelled,  so  as  to  include  all  the  mo«t 
recent  researches  which  in  this  department  have  been  not  less  important  than  they  are 
numerous.  —British  Medical  Journal.  ' 


OUTLINES 


SCIENCE  AND  PRACTICE  OF  MEDICINE. 

A  TEXT-BOOK  FOR  STUDENTS. 
Second  Edition,    Crown  8vo,  12/6. 
"Students  preparing  for  examinations  will  hail  it  as  a  perfect  godsend  for  its  conciseness  " 

A  c'ear.  and  well-written,  the  work  of  a  man  conversant  with  every 

y^rn^l        ="''J'=''  »°<i  a  thorough  master  of  the  art  of  teaching.  "—i^nV/x/l  Mtdicll 
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WORKS    by    A.    WYNTER    BLYTH,    M.R.C.S.,  F.C.S., 

Earrister-at-Law,  Public  Analyst  for  the  County  of  Devon,  and  Medical  Officer 
of  Health  for  St.  Marylebone. 

I.  FOODS:  THEIR   COMPOSITION  AND 

ANALYSIS.    Price  l6/.    In  Crown  8vo,  cloth,  with  Elaborate  Tables 
and  Litho-Plates.     Third  Edition.    Revised  and  partly  rewritten. 
General  Contents. 

History  of  Adulteration— Legislation,  Past  and  Present— Apparatus  useful  to  the 
Food  Analyst— "  Ash  "—Sugar— Confectionery— Honey— Treacle— Jams  and  Preser\'ed 
Fruits— Starches— Wheaten-Flour— Bread— Oats  —  Barley— Rye— Rice— Maize— Millet 
—Potato— Peas— Chinese  Peas— Lentils— Beans— Milk— Cream— Butter— Cheese— Tea 
-Coffee  —  Cocoa  and  Chocolate  —  Alcohol  —  Brandy— Rum— Whisky— Gin— Arrack- 
Liqueurs— Beer— Wine— Vinegar— Lemon  and  Lime  Juice— Mustard— Pepper— Sweet 
and  Bitter  Almond— Annatto— Olive  Oil— Water.  Appendix:  Text  of  English  and 
American  Adulteration  Acts. 

"  Will  be  used  by  every  Analyst."— ia«<:(ri.  , 

"  Stands  Unrivalled  for  completeness  of  information.  .  .    .    A  reaUy  practical 
work  for  the  guidance  of  practical  men."— ii^fcori/. 

"  An  admirable  digest  of  the  most  recent  state  of  knowledge.  .  .  .  Interesting 
even  to  lay-readers." — Chemical  News.  ,  i,- 

•»*  The  Third  Edition  contains  many  Notable  Additions,  especially  on  the  subject 
of  Milk  and  its  relation  to  Fever-Epidemics,  the  Purity  of  Water-Supply,  the 
Margarine  Act,  &c.,  &c. 

II.  POISONS:  THEIR  EFFECTS  AND  De- 
tection.  Price  1 6/. 

General  Contents. 

Historical  Introduction— Statistics— General  Methods  of  Procedure— Life  Tests- 
Special  Apparatus— Classification  :  I.— Organic  Poisons  :  (a.)  Sulphuric,  Hydrochloric, 
and  Nitric  Acids,  Potash,  Soda,  Ammonia,  &c.  ;  [b.)  Petroleum,  Benzene  &mphor. 
Alcohols,  Chloroform,  Carbolic  Acid,  Prussic  Acid,  Phosphorus,  &c.  ;  (f.)  Hemlock, 
Nicotine,  Opium,  Strychnine,  Aconite,  Atropine,  Digitalis,  &c.  ;  {d.)  Poisons 
derived  from  Animal  Substances  ;  {e.)  The  Oxalic  Acid  Group.  II.-Inoroanic 
Poisons  :  Arsenic,  Antimony,  Lead,  Copper,  Bismuth,  Silver,  Mercury,  Zinc  Nicke) 
Iron,  Chromium,  Alkaline  Earths,  &c.  Appendix:  A.  Examination  of  Blood  and 
Blood-Spots.    B.  Hints  for  Evtergencies:  Treatment-Antidotes. 

"Should  be  in  the  hands  of  every  medical  practitioner.  —Lancet. 

"A  sound  and  practical  Manual  of  Toxicology,  which  cannot  be  too  warmly  re- 
commended. One  of  its  chief  merits  is  that  it  discusses  substances  which  have  been 
overlooked."— C/;c>«rV«/  Netvs.  .  .v       v  " 

"  One  of  the  best,  most  thorough,  and  comprehensive  works  on  the  subject.  — 
Saturday  Review. 

HYGIENE  AND  PUBLIC  HEALTH  (a  Die- 

tionary  of)  :  embracing  the  following  subjects :—  •      •    -.r  i  r 

I.— Sanitary  Chemistry:  the  Composition  and  Dietetic  Value  ol 
Foods,  with  the  Detection  of  Adulterations. 
II.— Sanitary  Engineering  :  Sewage,  Drainage,  Storage  of  Water, 
Ventilation,  Warming,  &c.  t^ttt^t  rr- tjt?  a  t  tit 

III  —Sanitary  Legislation  :  the  whole  of  the  FUbLiu  hi!,al,j  ii 
ACT,  together  with  portions  of  other  Sanitaiy  Statutes,  in  a 
form  admitting  of  easy  and  rapid  Reference.  _ 
IV.— Epidemic  and  Epizootic  Diseases  :  their  History  and  I'ro- 

pagation,  with  the  Measures  for  Disinfection. 
V  —I-lYGiiiNE— Military,  Naval,  Private,  Public,  Schgou 
Royal  8vo,  672  pp.,  cloth,  with  Map  and  140  Illustrations,  28/. 

"  A  work  that  must  have  entailed  a  vast  amount  of  labour  and  research     ...    W  ilJ 
become  a  Standard  Work  in  Public  Health."-;1/^<^'^«/  Times  and  Gautte. 
"  Contains  a  great  mass  of  information  of  easy  reference."-5-a>»tory  Record. 
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Second  and  Cheaper  Edition.    Handsome  Cloth,  is. 

FOODS   AND  DIETARIES: 

H  /Baimal  of  Clinical  JDietetics. 

BI 

R.  W.  BUENET,  M.D., 

Member  of  the  Royal  College  of  Physiciaits  of  London;  Physician  to  the  Great  Northern 

Central  Hospital,  <fcc. 


In  Dr.  Burnet's  "  Foods  and  Dietaries,"  the  rationale  of  the 
special  dietary  recommended  is  briefly  stated  at  the  beginning 
of  each  section,  To  give  definiteness  to  the  directions,  the 
HOURS  of  taking  food  and  the  quantities  to  be  given  at  each 
time  are  stated,  as  well  as  the  kinds  of  food  most  suitable.  In 
many  instances  there  is  also  added  a  list  of  foods  and  dishes 
that  are  unsuitable  to  the  special  case. 

T7„o***  '^t° 't''  J^DiTroN  a  chapter  on  Diet  in  IrrFLUENZA,  and  nnmerrns  Fresh 

Iteo  pes  for  Invalid  Cookery,  have  been  added. 


GENERAL  CONTENTS. 

DIET  in  Diseases  of  the  Stomach,  Intestinal  Tract,  Liver,  Lunt^s  and 
Pleurtp,  Heart,  Kidneys,  &c.;in  Diabetes,  Scurvy,  Anremia,  Scrofula,  Gout 
(Uiroinc  and  Acute),  Obesity,  Acute  and  Chronic  Rheumatism,  Alcoholism 
Nervous  Disorders,  Diathetic  Diseases,  Diseases  of  Childreu,  with  a  Section 
on  Prepared  and  Predigested  Footls,  and  Appendix  on  Invalid  Cookery 


"  given  are  cNrFoiiMr.T  juDicions  and  characteriRsd  by  sood-sonse 

D  •■,  ,>  J  confidently  taken  as  a  keliable  gdide  in  the  art  of  feeding  the  nick  "—' 

Bril.  Med.  Journal.  " 

"      ?!'  ^1^?,  '^r"  "^"'^^  \°  Invalids,  Dr.  Burnet's  book  will  be  of  great  use 

I' will  be  found  all  the  more  valuable  in  that  it  deals  with  buoad  and  accepted 
VII.. wg.  ^  There  are  large  classes  of  dise^.so  which,  if  not  caused  solely  bv  errors  of  cliei  have 
a  pnncipa  cause  m  such  errors,  and  can  only  be  removed  by  an  intelligent  appielieusiou  of 

hPv  n'?!"'^?,"  '°  """'^  Alcoholism  are  instnnces^Fn    oi"  t,  and 

they  are  a,U  treated  with  ADsmtAni.E  sknse  and  .iijdgmknt  by  Dr.  Burnet  Be  shows  n! 
(  Ksire  to  allow  as  much  range  and  vawetv  as  possible.  The  careful  study  of  such  books  as 
^oaZVr%LTef}'-^^^^^^^  *^  °'  ^'^^  powlrfully  ald'tSI 

tn  .h^^Uh^^"^'^^'"  rv,"""''-',  *°  "oe":  a  want  which  is  evident  to  all  those  who  have 

to  du  with  niirsing  the  sick.   .   .   .   Tbo  plan  is  methodical,  simi-i.e,  and  i-itACTicvL 
lJrvB"rnot  takes  the  importaiit  diseases  ,wmi:,-m   .    .    .    aid  gives  a  l^mo  t  .bin 
with  B.  l  of  Faro  for  each  meal,  quantities,  and  beverages.     .  ^  An  app  ndifo^"^^ 

mZjow/leralT''°^  <='^P'-'°'°"»  "^PP""'"  of  tHo  patient  "il 
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CHARLES  GRIFFIN  &  CO.'S  PUBLICATIONS. 


Fourth  Edition,  Pocket-Size,  Leatlier,  is.  ed.    With  very  Numerous  lUustratioiu. 

A  SURGICAL  HANDBOOK, 

jfot  ipractitioners,  Stubents,  ibousc^Surgeons,  anb  Dressers. 
By  F.  M.  CAIRD,  M.B.,  F.R.C.S.  (Ed.), 

AND 

C.  W.  CATHCART,  M.B.,  F.R.C.S.  (Eng.  &  Ed.), 

Assistant-Surgeons,  Royal  hifirmary,  Edinburgh. 


GENERAL  CONTENTS. 

Case-Taking-Treatment  of  Patients  before  and  after  Operation— Anaesthetics: 
General  and  Local— Antiseptics  and  Wound-Treatment— Arrest  of  Hsemorrhage 
— Shoclc  and  Wound  Fever— Emergency  Cases-Tracheotomy :  Minor  Surgical 
Operations— Bandaging— Fractures— Dislocations,  Sprains,  and  Bruises- 
Extemporary  Appliances  and  Civil  Ambulance  Work-Massa^- Surgical 
Applications  of  Electricity-Joint-Fixation  and  Fixed  Apparatus-The  Syphon 
and  its  Uses -Trusses  and  Artificial  Limbs-Plaster-Casting-Post-Mortem 
Examination— Sickroom  Cookery  Receipts,  &c.,  &c.,  &c. 

••  Thoroughly  practical  and  trustworthy    Clear,  accurate,  ^^^^j^'^'-'r^.f.^^f^ 
"Admirably  arranged.    The  best  practical  httle  work  we  have  seen.    The  matter  is  as 
ZOoA?Lit\ie.mAxmcr."— Edinburgh  Medicaljounml.  riv«  attention  to 

^  "This  excellent  little  work.    Clear,  concise,  and  very  readable  a'^t  on 

important  details,  often  omitted,  but  absolutely  necessary  to  success.  -Athena^m. 
"A  dainty  vo\Mme."— Manchester  Medical  Chronicle. 


In  Extra  Crown  Zvo,  -with  Litho-plates  and  Numerous  Illustrations.    Cloth,  %s.  &/. 

PHARMACY  AND   MATERIA  MEDICA 

(A  Laboratory  Course  of): 
Including  the  Principles  and  Practice  of  Dispensing. 
B6aptcb  to  tbe  Stubs  of  tbc  ffintfsb  ipbannacopocfa  an6  tbe  IRcquiremcntB 
of  tbc  private  Stuftent. 
By  W.  ELBORNE,  F.L.S.,  F.C.S., 

Late  Assistant-Lecturer  in  Materia  Medica  and  Pharmacy  in  tlu 
Owens  College,  Manc/uster. 


Chemxc^\Vh?irmVicy:'-B>-it:sh  Medical  Journal.  ,     .    ,         ,,    ^  ,  „  chtmist 

"The  system  .  .  which  Mr.  Elborne  here  sketches  is  thoroughly  sound.  -Chemist 
and  Druggist.   


LONDON:   EXETER  STREET,  STRAND. 


MEDICINE  AND  THE  ALLIED  SCIENCES. 


13 


GRIFFIN'S  MEDICAL  SERIES. 

Standard  Works  of  Reference  for  Practitioners  and  Students, 

ISSUED  UNIFORMLY  IN  LIBRARY  STYLE. 
Large  8vo,  Handsome  Cloth,  very  fully  Illustrated. 

Full  Catalogue,  with  Specimens  of  the  Illustrations,  sent  Post-free  on  application, 

VOLUMES   ALREADY  PUBLISHED. 


HUMAN  ANATOMY. 

By  ALEXANDER  MACALISTER,  M.A.,  M.D.,  F.R.S.,  F.S.A., 

Professor  of  Anatomy  in  the  University  oj  Cambridge,  and 
Fellow  of  St.  John's  College.  36s. 

"  By  far  the  most  important  work  on  this  subject  which  has  appeared  in  recent  years." 
—  Tlic  Lartcet. 

"  Destined  to  be  a  main  factor  in  the  advancement  of  Scientific  Anatomy.    .    .   .  The 
fine  collection  of  Illustrations  must  be  mentioned." — Dublin  RIedical  Journal. 
"  This  Splendid  Work:." — Saturday  Review. 


HUMAN  PHYSIOLOGY. 

By  Professor  LANDOIS  of  Greifswald 

AND 

WM.  STIRLING,  M.D.,  Sc.D., 

Brackenbury  Professor  of  Physiology  in  Ozvens  College  and  Victoria  University,  Manchester; 
Examiner  i?i  the  University  of  Oxford.  Fourth  Edition.  With  some  of  the 
Illustrations  in  Colours.    2  Vols.,  42s. 

"The  Book  is  the  most  complete  resumS  of  all  the  facts  in  Physiology  in  the  language 
Admirably  adapted  for  the  Practitioner.  .  .  .  With  this  Text- book  at  command  no 
Student  could  fail  in  his  exa.mination." — The  Lancet.  ' 

"  One  of  the  most  practical  works  on  Physiology  ever  written.  Excellently  clear 
attractive,  and  succinct." — British  Medical  Journal.  ' 


EMBRYOLOGY  (An  Introduction  to). 

By  ALFRED  C.  HADDON,  M.A.,  M.R.I.A., 
Professor  of  Zoology  in  the  Royal  College  of  Science,  Dublin.  i8s. 

An  EXCELLENT  RESUME  OF  RECENT  RESEARCH,  well  adapted  for  self-study.  .  .  .  Gives 
remarkably  good  accounts  (including  all  recent  work)  of  the  development  of  the  heart  and 
olher  organs.    .    .    .    I'he  book  is  handsomely  got  up."—  The  Lancet. 
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CHARLES  GRIFFIN  Jc  CO.'S  PUBLICATIONS. 


Griffin's  Medical  SKB.ii:s—Conitnued. 


CL!N!CAL  DIAGNOSIS. 

'Z'ic  Cbenilcal,  /lDicresc;i)ical.  anb  Bacteriological  Evibencc  of  Biscase. 

By  Prof,  von  JAKSCH,  of  Prague. 

From  the  Third  German  Edition,  dv  Jas.  Cagney,  M.A.,  M.D.,  of 
St.'  Mary's  Hospital. 

Second  English  Edition.     With  all  the  Orieinal  Illustrations,  many  printed 

in  Colours.  255. 

"  Prof.  V.  Jaksch's  '  Clinical  Diagnosis'  stanas  almost  alone  in  the  width  of  its  ranjje,  the 
THOKot'GHNESS  OF  ITS  EXPOSITION  and  the  Clearness  nf  its  style.  .  .  .  A  STANDARD  wouic, 
as  TKUSTWORTHY  as  it  is  scientific."— ia>ir«. 


GOUT  (A  Treatise  on). 

By  Sir  DYCE  DUCKWORTH.  M.D.Edin.,  F.R.C.P., 

Physician  to,  and  Lecturer  on  Clinical  Medicine  at,  St.  Bartholomew's  Hospital.  25s. 
'At  once  thoroughly  practical  and  highly  philosophical.   The  practitioner  will  find  in  it  an 


EVORMOUS  AMOUNT  OF  IN  FOKiMATlON." — t'ra.Clltioni:i' 


RHEUIV1ATI8IVI  AMD  RHEUMATOID  ARTHRITIS. 

By  arch.  E.  GARROD,  M.A.,  M.D.OxON., 

Assistant-Physician  to  the  West  London  Hospital,  &c.  21s. 
"  We  gladly  welcome  this  Treatise.    .    .    .    The  amount  of  information  collected  and  the 
manner  Si  which  the  facts  are  marshalled  are  deserving  of  all  praise."— 


DISEASES   OF   THE  SKIN. 

By  T.  M'CALL  ANDERSON,  M.D., 

Professor  of  Clinical  Medicine  in  the  University  of  Glasgow.  2SS. 
"Beyond  doubt,  the  most  important  work  on  Skin  Diseases  that  has  appeared  in 
Englanr!  for  many  years." — British  Medical  J ottmaL 


DISEASES    OF   THE  EYE. 

By  Dr.  ED.  MEYER,  of  Paris. 
jffom  tbc  Ubivs  jfvcncb  I;6itton, 
By  a.  FREELAND  FERGUS,  M.B., 

Ophthalmic  Surgeon,  Glasgow  Royal  Infirmary.  255. 
"An  excellent  translation  of  a  Standard  French  Text-Book    ...    Essentially  a 
hRACTic^L  vvoRK    The  publi.shers  have  done  their  part  in  the  tasteful  .and  substantial  maimer 
characteristic  of  their  medical  publications. "- t^/ZtMa/wic  Revieiu. 
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Griffin's  Medical  Series — Continued. 


DISEASES    OF   THE  HEART 

(THE  DIAGNOSIS  OF). 
By  L.  ERNEST  SANSOM,  M.D.,  F.E.O  P., 

Physician  to  tlae  London  Hospital ;  Consulting  Physician,  North-Eastern  Hospital  for  Children ; 
Examiner  in  Medicine,  Royal  College  of  Physicians  (Conjoint  Board  for  England),  and 
University  of  Durham :  Lecturer  on  Medical  Jurisprudence  and  Public  Health, 
London  Hospital  Medical  College,  Sc.  28s. 


THE  BRAIN  AND  SPINAL  CORD: 

THEIR  STRUCTURE  AND  FUNCTIONS. 
BY  VICTOR   HORSLEY,   F.R.C.S.,  F.R.S., 

Professor  of  Pathology,  University  College  ;  Assist.-Siirgeon,  University  College  Hospital  ; 
Surg.  Nat.  Hosp.  for  Paralysed  and  Epileptic,  iic,  &c.    los.  6d. 


THE  CENTRAL  NERVOUS  ORGANS 

(The  Anatomy  of),  in  Health  and  Disease. 

By  Professor  OBERSTEINER,  of  Vienna. 
Translated  by  ALEX  PULL,  M.A.,  M.D., 

Master  of  Downing  College,  Cambridge.  25s. 
"  Dr.  Hill  has  enriched  the  "'ork  with  many  Notes  of  his  own.    .    .    .    Dr.  Obersteinei 
work  is  admirable.    .    .    .    isvAi.u able  as  A 'I'ext-Book.."— jBn'iis/i  Meriical  Jour/iui. 


MENTAL  DISEASES: 

With  Special  Reference  to  tfie  Patliological  Aspects  of  Insanity. 
By  W.  BEVAN  lewis,  L.R.C.P.  (Lond.),  M.R.CS.  (Eng.), 

Medical  Director  of  the  West  Riding  Asylum,  Wakefield.  28s. 

"Without  doubt  the  best  work  in  English  of  its  kind." — Journal  of  Mental  Science. 

"This  AD.MiRABLE  Text-Book  places  the  study  of  Mental  Diseases  on  a  solid  ba.sis 
.  .  .  The  plates  are  numerous  and  admirable.  To  the  student  the  work  is  iNuisi'ENSAnLF!" 
— Practitioner. 


The  SURGERY  of  the  SPINAL  CORD. 

By  WILLIAM  TPIORBURN,  B.S.,  B.Sc,  M.D.,  F.R.C.S., 

Assistant-Surgeon  to  the  Manchester  Royal  Infirmary,    iss.  6d. 

"  Really  the  fullest  record  we  have  of  Spinal  Surgery,  and  marks  an  important  advance  '' 
— British  Medical  Journal.  ' 
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Griffin's  Medical  S-k^i-rs— Continued. 


nk\VHfK\  INJURIES: 

With  Special  Reference  to  those  oftiie  Bacli  and  Nervous  System,  in  their 
Medico-Legal  and  Clinical  Aspects. 

By  HERBERT  W.  PAGE,  M.A.,  M.C.  (Cantab),  F.R.C.S.  (Eng.), 

Surgeon  to  St.  Mary's  Hospital ;  Dean,  St.  Marys  Hospital  Medical  School,  &c.,  &c.  6s. 

"A  work  INVALUABLE  to  ttiose  who  have  many  railway  cases  under  their  care  pending 
litigation.    ...    A  book  which  every  lawyer  as  well  as  doctor  should  have  on  his  shelves. 
— British  Medical  Journal. 

THE  SURGERY  OF  THE  KIDNEYS. 

Being  the  Hapveian  Lectures,  1889. 
By  J.  KNOWSLEY  THORNTON,  M.B.,  M.C, 

Surgeon  to  the  Samaritan  Free  Hospital,  &c. 
In  Demy  iivo,  with  Illustrations,  Cloth,  %s. 
"The  name  and  experience  of  the  Author  confer  on  the  Lectures  the  stamp  of  authority."— 
British  Jiledical  Journal. 

READY  SHORTLY. 


ON  FIBROID  DISEASE  OF  THE  LUNG 

AND  ON  FIRBOID  PHTHISIS.  By  Sir  Andrew  Clark,  Bart., 
M  D  Consulting  Physician  and  Lecturer  on  Clinical  Medicine  to  the 
London  Hospital,  and  Drs.  W.  J.  Hadley  and  Chaplin,  Assistant 
Physicians  to  the  City  of  London  Hospital  for  Diseases  of  the  Chest. 
With  numerous  full-page  coloured  Illustrations. 

RUPTURES  (A  Treatise  on).     By  J.  F.  C. 

Macready,  F.R.C.S.,  Surgeon,  City  of  London  Truss  Society,  City  of 
London  Hospital  for  Diseases  of  the  Chest,  &c.  With  nimierous  Plates 
engraved  on  Stone  after  Photographs. 

FORENSIC    MEDICINE    AND  TOXI- 

COLOGY.  By  J.  DixoN  Mann,  M.D.,  F.R.C.P.,  Professor  of  Medical 
Jurisprudence  and  Toxicology,  Owens  College,  Manchester ;  Examiner 
in  Forensic  Medicine,  London  University,  and  Victoria  University, 
Manchester. 

GYNECOLOGY   (A    Practical  Treatise  on): 

by  John  Halliday  Croom,  M.D.,  F.R.C.P.E.,  F  R.C.S.E  Physician 
to  the  Royal  Infirmary  and  Royal  Maternity  Hospital,  Edinburgh 
Examiner  in  Midwifeiy,  R.C.P.,  Edinburgh  ;  Lecturer  Edinburgh 
School  of  Medicine,  &c.r&c.,  with  the  Collaboration  of  MM.  Johnson 
Symington,  M.D.,  F.R.C.S.E.,  and  Milne  Murray,  M.A,  M.B., 
F.R.C.P.E. 

Volumes  on  other  subjects  in  active  preparation.  
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Griffin's  Medical  Students'  Text-Books. 


Anatomy,  . 

Peof.  Macalister,  . 

PAGE 

.  13 

Biolog-y, 

AiNswoRTH  Davis, 

.  29 

Botany  (Elementary), 

AiNswoRTH  Davis, 

.  29 

Brain  and  Spinal  Cord, 

Victor  Horsley, 

.  15 

Central  Nervous 

Org-ans, 

Obersteiner  and  Hill, 

.  15 

Mental  Diseases,  . 

Bevan  Lewis,  . 

.  15 

Chemistry,  Inorg-anic, 

DupRf;  AND  Hake,  . 

.  30 

Qualitative  Analysis, 

Prof.  Sexton,  .     '  . 

.  49 

Quantitative  „ 

Peof.  Sexton,  . 

.  49 

Electricity,  . 

Prof.  Jamieson, 

.  38 

Embryolog-y, 

Peof.  Haddon, 

.  13 

Eye,  Diseases  of  the, 

Meyee  and  Feegus, 

.  14 

Foods,  Analysis  of,  . 

Wynter  Blytii, 

.  10 

Foods  and  Dietaries, 

R.  W.  Burnet, 

.  11 

Gynsecolog-y, 

Halliday  Ceoom, 

.  16 

Histolog-y,  . 

Peof.  Stirling, 

.  21 

Medicine,    .  . 

Sir  Wm.  Aitken, 

9 

Nursing", 

L.  Humphry, 

18 

Obstetrics,  . 

H.  G.  Landis,  . 

18 

Pharmacy,  . 

AV.  Elborne, 

12 

Physiolog-y,  Human, 

Landois  and  Stirling, 

13 

Practical, . 

Prof.  Stirling, 

21 

Poisons,  Detection  of. 

Wynter  Blyth, 

10 

Sanitation,  Practical, 

Dr.  George  Reid,  , 

20 

Skin,  Diseases  of  the. 

Prof.  Anderson, 

14 

Surgery- 

Civil, 

Cairo  and  Catiicaut, 

12 

Military,  . 

Porter-Godwin, 

19 

Zoolog-y, 

Selenka  and  Davis, 

30 
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Eighth  Edition.    In  Extra  Crown  %vo,  with  Numerous 
Illustrations^  Cloth,  3^.  dd. 

NURSING  (A  Manual  of): 

/nbe^fcal  an&  SurgtcaU 

By  LAURENCE  HUMPHRY,  M.A.,  M.B,  M.R.C.S., 

Assistant-Physician  to,  and  Lecturer  to  Probationers  at,  Addenbrooke's 
Hospital,  Cambridge. 


GENERAL  CONTENTS. 

The  General  Management  of  the  Sick  Room  in  Private  Houses— General 
Plan  of  the  Human  Body— Diseases  of  the  Nei-vous  System— Respiratory 
System— Heart  and  Blood-Vessels— Digestive  System— Skin  and  ICidneys— 
Fevers— Diseases  of  Children— Wounds  and  Fractures— Management  of  Child- 
Bed — Sick-Room  Cookery,  iS;c.,  &c. 


« 

♦ 


*  A  Full  Prospectus  Post  Free  on  Application. 


"  In  the  fullest  sense  Mr.  Humphry's  book  is  a  distinct  advance  on  all  previous 
Manuals.  .  .  .  Its  value  is  greatly  enhanced  by  copious  Woodcuts  and  diagrams  ol  the 
bones  and  internal  organs,  by  many  Illustrations  of  the  art  of  bandaging,  by  r^'"P<=J^l"r^ 
charts  indicative  of  the  course  of  some  of  the  most  characteristic  diseases,  and  by  ^  goodly 
array  of  Sicic-room  appliances  with  which  every  Nurse  should  endeavour  to  become 
acquainted."— -SrzVw.^  Medical  Journal. 

"  We  should  advise  all  nurses  to  possess  a  cop;^  of  the  work.  We  can  confidently  re- 
commend it  as  an  excellent  guide  and  companion.  '—Hospital. 


LANDIS  (Henry  G.,  A.M.,  M.D.,  Professor  of 

Obstetrics  in  Starling  Medical  College) : 

THE  MANAGEMENT  OF  LABOUR  AND  OF  THE  LYING-IN 
PERIOD.    In  8vo,  with  Illustrations.    Cloth,  7/6. 

"  Fully  accomplishes  the  object  kept  in  view  by  its  author.  .  •  •  Will  be  found 
of  GREAT  VALUE  by  the  young  practitioner."- G/.w^^>a/  Medical  JoumaL 

LINN  (S.H.,  M.D.,  D.D.S.,  Dentist  to  the  Imperial 

Medico-Chirurgical  Academy  of  St.  Petersburg)  : 

THE  TEETH  :  How  to  preserve  them  and  prevent  their  Decay.  A 
Popular  Treatise  on  the  Diseases  and  the  Care  of  the  Teeth.  With 
Plates  and  Diagrams.    Crown  8vo.    Cloth,  2/6. 
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LONGMORE  (Surgeon-General,  CB.,  Q.H.S., 

r.R.C.S.,  &c.,  late  Professor  of  Military  Surgery,  Army  Medical  School): 
THE  SANITARY  CONTRASTS  OF  THE  CRIMEAN  WAR. 

Demy  8vo.    Cloth  limp,  1/6. 
"A  most  valuable  contribution  to  Military  Medicine." — British  Medical  youmaL 
"A  most  concise  and  interesting  Review." — Lancet. 

PARKER  (Prof.  W.  Kitchen,  F.R.S.,  Hunterian 

Professor,  Royal  College  of  Surgeons): 

MAMMALIAN  DESCENT:  being  the  Hunterian  Lectures  for  1884. 
Adapted  for  General  Readers.    With  Illustrations.    In  8vo,  cloth,  10/6.^ 

"The  smallest  details  of  science  catch  a  living  glow  from  the  ardour  of  the  authors 
imagination,  .  .  .  we  are  led  to  compare  it  to  some  quickening  spirit  which  makes 
all  the  dry  bones  of  skulls  and  skeletons  stand  up  around  him  as  an  exceeding  great 
army." — Prof.  Romanes  in  Nature. 

■  "Get  this  book;  read  it  straight  ahead,  .  .  you  will  first  be  interested,  then 
absorbed  ;  before  reaching  the  end  you  will  comprehend  what  a  lofty  ideal  of  creation  is 
that  of  him,  who,  recognising  the  unity  and  the  continuity  of  Nature,  traces  the  gradual 
development  of  life  from  age  to  age  .  .  .  and  has  thus  learned  to  'look  through 
Nature  up  to  Nature  s  GoD.  " — Scoisirian. 

"A  very  striking  book  ...  as  readable  as  a  book  of  travels.  Prof,  Parker 
is  no  Materialist." — Leicester  Post. 


PORTER  AND  GODWIN'S  POCKET-BOOK. 

Fourth  Edition.    Kcvised  and  enlarged.    Foolscap  %vo,  Ronn,  with  152  Illustrations 
and  Folding-plate.    Zs.  6d. 

THE   SURGEON'S  POCKET-BOOK. 

Specially  a&aptet)  to  tbe  ipubUc  /Ifceblcal  Services. 

By  surgeon-major  J.  H.  PORTER. 
Reuised  and  in  great  part  rewritten 
By  BRIGADE-SURGEON  C.  H.  Y.  GODWIN, 

Professor  of  Military  Surgery  in  the  Army  Medical  School. 

"  The  present  editor— Brigade-Surgeon  Godwin— has  introduced  so  much  that  is  new  and 
practical,  that  we  can  recommend  this  '  Surgeon's  Pocket- Hook '  as  an  invaluap.i.e  guide  to 
all  engaged,  or  likely  to  be  engaged,  in  Field  Medical  Ser\\cc."— Lancet. 

^^^^  A^complete  vade  mecum  to  guide  the  military  surgeon  in  the  field."— ZfnV/V»  Medical 
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CHARLES  ORIFFIN     CO.'S  PUBLICATIONS. 


PRACTICAL  SANITATION: 

HAND-BOOK  FOR  SANITARY  INSPECTORS  AND  OTHERS 
INTERESTED  IN  SANITATION. 


BY 


GEORGE  REID,  M.D.,  D.P.H., 

Fellow  of  the  Sanitary  Institute  of  Great  Britain,  and  Medical  Officer, 
Staffordshire  County  Council. 

mitb  an  2lppen5i£  on  Sanltacs  Xaw 

BY 

HERBERT    MANLEY,    M.A.,    M.B.,  D.P.H., 

Medical  Officer  of  Health  for  the  County  Borojigh  of  West  Bromwich. 

In  Large  Crown  %vo.,  with  Illustrations,    Price  6j. 

Dr  Reid's  Practical  Sanitation  is  heartily  recommended  to 
all  who  take  an  interest  in  the  great  subject  on  which  it  treats,  a 
subject  which  is  attracting  the  serious  attention  of  the  general 
pubUc  The  necessity  for  no  longer  allowing  grave  sanitary 
defects  to  exist  in  our  houses  and  their  surroundings  is  now 
generally  acknowledged,  and  people  are  beginning  to  enquire  for 
Themselves  into  matters  to  which,  hitherto,  they  have  closed 
their  eyes.  While  specially  designed  for  the  use  of  Samtary 
Inspectors,  the  book  will  be  found  to  be  of  value  to  all,  as  giving 
within  small  compass  a  thorough,  clearly  written,  and  well-illus- 
trated digest  of  Sanitary  Science. 

GENERAL  CONTENTS. 

Introduction -Water  Supply:  Drinking  Water,  Pollutim  of  Water- 
Ventilation  and  Warming— Principles  ol    Sewage   Removal —  Deta.^  ot 

S  ^efuse^-^  iSr^So^^e^S^S^S 
r  ^li^^^^^^X^  of;  Characteristics  of  Good  Meat; 
Meat,  Milk,  Fish,  &c.,  unfit  for  Human  Food- Appendix :  Sanitary  Law, 
Model  Bye-Laws,  &c.  

"  A  VERY  USEFUL  HANDBOOK,  with  a  very  useful  Appendix.  We  recomm^^^^^ 
it  not  only  lo  sanitary  Inspectors,  but  to  Householders  and  all  mterested 
in  Sanitary  matters."— 5<z««i'a77  Record. 
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WORKS 

By  WILLIAM  STIRLING,  M.D.,  Sc.D., 

Professor  in  the  Victoria  University,  Braelienbury  Professor  of  Physiology  and  Histology 
in  the  Owens  College,  Manchester;  and  Examiner  in  the  University  of  Oxford. 


Second  Edition.    In  Extra  Crown  Bvo,  with  234  Illustrations,  Cloth,  9s. 

PRACTICAL   PHYSIOLOGY  (Outlines  of): 

Being  a  Manual  for  the  Physiological  Labopatopy,  including' 
Chemical  and  Expepimental  Physiology,  with 
Reference  to  Ppaotieal  Medicine. 

PART  I.— CHEMICAL  PHYSIOLOGY. 

PART   II.— EXPERIMENTAL  PHYSIOLOGY. 

*^*  In  the  Second  Edition,  revised  and  en.'arged,  the  number  of  lUustra- 
tioos  has  been  increased  from  142  to  234. 

"  A  VERT  EXCELLKUT  and  COMPLETE  TREATISE."'— ZflnceJ. 

"The  student  is  enabled  to  perform  for  himself  most  of  the  experiments  usually  shown  in 
a  systematic  course  of  lectures  on  physiology,  and  the  practice  thus  obtained  must  prove 
isvAr.i'ABLE.  .  .  .  May  be  confidently  recommended  as  a  guide  to  the  student  of 
physiology,  ond,  we  doubt  not,  wiU  also  find  its  way  into  the  hands  of  many  of  our  scieniitlc 
and  medical  practitioners." — Glasgow  Medical  Journal. 

"This  valuable  little  manual.  .  .  .  The  general  conception  of  the  book  is  excellent; 
the  arrangement  of  the  exercises  is  all  that  can  be  desired  ;  the  descriptions  of  experimeuta 
are  cleah,  concise,  and  to  the  point." — British  Medical  Journal. 


In  Extra  Crown  8ot,  with  344  Elustrations,  Cloth,  12s.  6d. 

PRACTICAL  HISTOLOGY  (Outlines  of): 

A  Manual  for  Students. 

*,*  Dr.  Stirling's  "  Outlines  of  Practical  Histology"  is  a  compact  Hand- 
book for  students,  providing  a  Complete  Laboratory  Course,  in  which 
almost  every  exercise  is  accompanied  by  a  drawing.  Very  many  of  the 
illustrations  have  been  prepared  expressly  for  the  work. 

"  The  general  plan  of  the  work  is  admirable.  .  .  .  It  is  very  evident  that  the  sue- 
gest  ons  given  are  the  outcome  of  a  prolonged  experience  in  teaching  Practical  Histolosv 
combined  with  a  remarkable  judgment  in  the  selection  of  methods  Merita  the 

highest  praise  for  the  illustbations,  which  are  at  once  clear  and  faithful."— 5nits/i  Medical 

"  We  can  confidently  recommend  this  small  but  conciselt-writtkn  and  admirablt 
llustrated  work  to  atudents.   They  will  And  it  to  be  a  very  usefdl  and  reliable  omim 
in  the  laboratory,  or  in  their  own  room.   All  the  principal  methods  of  preparing  issues  fo? 
section  are  given  with  such  precise  directions  that  little  or  no  difflcul  y  can  bo  cU  iu  fol- 
hircrlft   "zaVc'r' '""'^  •  •  •  'J-'l^«''o'"«eprocceds^romaMisTLik 
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In  lar^e  Crown  %vo.   Handsome  Cloth.   Price  ss.  Post  free. 


THE  WIFE  AND  MOTHER: 

TO  THE  CARE  OF  HER  HEALTH  AND  THE 
MANAGEMENT  OF  HER  CHILDREN 


BY 


ALBERT  WESTLAND,  M.A,  M.D.,  CM. 

*  *  This  work  is  addressed  to  women  who  are  desirous  of 
fulfilling  properly  their  duties  as  wives  and  mothers,  and_  is 
designed  to  assist  them  in  exercising  an  intelligent  supervision 
over°their  own  and  their  children's  health. 

GENERAL  CONTENTS. 

Part     I. — Early  Married  Life. 

Part    11. — Early  Motherhood. 

Part  III.— The  Child,  in  Health  and  Sickness. 

Part  IV.— Later  Married  Life. 


"WELL-ARRANGED,  and  CLEARLY  WRITTEN,     ^he^ chapt^^^ 

Of  the  Child  is  very  carefully,  written,  and  the  Hints  as  to  the  artificl\l  fllding 
of  Infants  are  reliable."— /.awcrf.  ,  , 

"A  REALLY  EXCELLENT  »0K.    .    .    .    The  author  ta»  ha»dW^^^^ 

history  of  womanhood  and  motherhood. 

"Excellent  and  JUDICIOUS   .    .    •    the  work  of  an  ex-penenced  obstetnc.st 
sur^fon  and^'phytician    .    .    .    deals  with  an  impomnt  subject  m  a  manner  that 
Tal  once  PRaWiCAL  AND  POPULAR."- H/«tov^Z?../j'/^^^^^^^^ 

"The  best  book  I  can  recommend  is  'THE  Wir-E  AND  Mother  by  DnA^^^^^^^ 

WESTLAND,  published  by  Mess.^.  ^^^--^^^  f  5^"  Jj/j^" 
work,  written  with  discretion  and  refinement.  -Hca, Ih  and  Home. 

"Will  be  WELCOMED  by  every  young  wife  .  .  .  abounds  w.th  valuable 
advice  " — Glasgow  Herald. 
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GENERAL  SCIENTIFIC  WORKS 

RELATING  TO 

CHEMISTRY  (Theoretical  and  Applied)  ;  ELECTRICAL 
SCIENCE;  ENGINEERING  (Civil  and  Mechanical); 
GEOLOGY,  &c. 


THE  DESIGN  OF  STRUCTURES: 

A  Practical  Treatise  on  the  Building  of  Bridg-es,  Roofs,  &3. 
By  S.  ANGLIN,  C.E., 

Master  of  Engineering,  Royal  University  of  Ireland,  late  Whitworth  Scholar,  &c. 
With  very  numerous  Diagrams,  Examples,  and  Tables. 
Large  Crown  8vo.    Cloth,  i6s. 


The  leading  features  in  Mr.  AngHn's  carefully-planned  "Design  of  Struc- 
tures "  may  be  briefly  summarised  as  follows  : — 

1.  It  suppHes  the  want,  long  felt  among  Students  of  Engineering  and 
Architecture,  of  a  concise  Text-book  on  Structures,  requiring  on  the  part  of 
the  reader  a  knowledge  of  Elementary  Mathematics  only. 

2.  The  subject  of  Graphic  Statics  has  only  of  recent  years  been  generally 
applied  in  this  country  to  determine  the  Stresses  on  Framed  Structures ;  and 
in  too  many  cases  this  is  done  without  a  knowledge  of  the  principles  upon 
which  the  science  is  founded.  In  Mr.  Anglin's  work  .the  system  is  explained 
from  FIRST  PRINCIPLES,  and  the  Student  will  find  in  it  a  valuable  aid  in 
determining  the  stresses  on  all  irregularly-framed  structures. 

3.  A  large  number  of  Practical  Examples,  such  as  occur  in  the  every-day 
experience  of  the  Engineer,  are  given  and  carefully  worked  out,  some  being 
solved  both  analytically  and  graphically,  as  a  guide  to  the  Student. 

4.  The  chapters  devoted  to  the  practical  side  of  the  subject,  the  Strength  of 
Joints,  Punching,  Drilling,  Rivetting,  and  other  processes  connected  with  the 
manufacture  of  Bridges,  Roofs,  and  Structural  work  generally,  are  the  result 
of  many  years'  experience  in  the  bridge-yard  ;  and  the  information  given 
on  this  branch  of  the  subject  will  be  found  of  great  value  to  the  practical 
bndge-builder. 


"Students  of  Engineering  will  find  this  Text-Book  invaluable"— ^rr/ajV^fi;. 
Book/'-^^,«W°r.''''^  certainly  succeeded  in  producing  a  thoroughly  practical  Text- 

TEXT^oo^rnn"!!? ^ofk  not  only  to  the  Student,  as  the  nEST 
^.:1^-I:LI\:^  o'f=re^rt^^>i"k1l^„lM"--'  -  an'HXCKKBiKOLV 

choser^o  .^ri".  MnlA'r'ir'i'"^'''-''  ^J'^°""'.>'=nded  to  engineers.  The  author  h.-,s  wi..ely 
k^alu  rTOTHE  pl^cT  CA^'K^^^^^^^^  f^us  made  his  book  o'^ 

praise  for  the  work/'li/iC/      '^'"''-   '    "    '   Af'<=^  "f-^fu' P<='"sal,  we  have  nothing  but 
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-  With  numerous  Tables  and  Illustrations.     Crown  8vo.     Cloth,  lo/6. 

Second  Edition;  Revised. 

ASSAYING  (A  Text-Book  of): 

For  the  use  of  Students,  Mine  Managers,  Assayers,  do. 

BY 

C.  BERINGER,  F.I.C.,  F.C.S., 

Late  Chief  Assayer  to  the  Rio  TiiUo  Copper  Company,  London, 

AND 

J.  J.  BERINGER,  F.I.C.,  F.C.S., 

Public  Analyst  for,  and  Lecturer  to  the  Mining  Association  of,  Cornwall. 


General  Contents. 

Tart  I. -Introductory  ;  Manipulation:  Sampling;  Drying ;  Calculation  of  Re- 
sults-Laboratory-books  and  Reports  Methods  :  Dry  Graviinetnc  ;  Wet  Gravimetnc- 
Volumetric  Assavs :  Titrometric,  Colorimetric,  Gasometric-Weighmg  and  Measurmg- 
Reagents— Formula,  Equations,  &c.— Specific  Gravity. 

Part  11.— Metals  :  Detection  and  Assay  of  Silver,  Gold,  Platinum,  Mercury,  Copper, 
Lead,  Thallium,  Bismuth,  Antimony,  Iron,  Nickel,  Cobalt,  Zmc,  Cadmium,  Tin,  Tungsten, 
Titanium,  Manganese,  Chromium,  &c.— Earths,  Alkalies. 

Part  III.-Non-Metals  :  Oxygen  and  Oxides;  The  Halogens-Sulphur  and  Sul- 
phates—Arsenic, Phosphorus,  Nitrogen— Silicon,  Carbon,  Boron. 

Aj>pendix.~yz.-aows  Tables  useful  to  the  Analyst. 


"A  REALLY  meritorious  WORK,  that  may  be  safely  depended  upon  either  for  systematic 
instruction  or  for  reference." — Nature. 

"  Of  the  fitness  of  the  authors  for  the  task  they  have  undertaken,  there  can  be  "9  auc- 
tion.    .     .     .     Their  book  ADMIRABLY  FULFILS  ITS  purpose.  .     •     ^        ^ff °' 

an  exhaustive  series  of  experiments  made  by  the  authors,  showing  the  effects  of  var%  ing 
cLnmoNS  on  the  accuracy  of  the  method  employed,  are  of  the  utmost  importance  - 
Industries. 

•'A  very  good  feature  of  the  book  is  that  the  authors  give  reliable  information,  mostly 
based  on  practical  experience."— £«i'/«ftV7H^. 

"This  work  is  one  of  the  best  of  its  kind.    .    .    .    Essentially  of  a  practical  character 
CoJJTains  aU  the  information  that  the  Assayer  will  find  necessary  m  the  examination 
of  minerals."— 
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In  8vo,  Handsome  Cloth.    Price  i8j. 


PHOTOGRAPHY: 

ITS  HISTORY,  PROCESSES,  APPARATUS,  AND  MATERIALS. 

COMPRISING 

WORKING  DETAILS  OF  ALL  THE  MORE  IMPORTANT  METHODS. 
By  a.  brothers,  F.R.A.S.  . 

WITB  TWENTY-FOUR  FULL  PAGE  PLATES  BY  MANY  OF  THE  PRO- 
CESSES DESCRIBED,  AND  ILLUSTRATIONS  IN  THE  TEXT. 


GENERAL  CONTENTS. 

Part.  I.  Introductory — Historical  Sketch;  Chemistry  and  Optics 
of  Photography ;  Artificial  Light  (Electric  and  Oxyhydrogen  Light, 
Compressed  Gas,  Ethexo-Limelight,  Magnesium  Light,  &c.) 

Part  IL  Photographic  Processes,  New  and  Old,  with  special 
reference  to  their  relative  Practical  Usefulness. 

Part  IH.  Apparatus  employed  in  Photography. 

Part  IV.  Materials  employed  in  Photography. 

Part  V.  Applications  of  Photography ;  Practical  Hints. 


"  Mr.  Brothers  has  had  an  experience  in  Photography  so  large  and  varied  that  any  work 
by  him  cannot  fail  to  be  interesting  and  valuable.  ...  A  most  comprehensive  volume, 
entering  with  full  details  into  the  various  processes,  and  very  fully  illustrated.  The 
PRACTICAL  HINTS  are  of  GREAT  VALUE.  .  .  .  Admirably  got  Up." — Brit. Jour.of Photography. 

"  For  the  Illustrations  alone,  the  book  is  most  interesting ;  but,  apart  from  these,  the 
volume  is  valuable,  brightly  and  pleasantly  written,  and  most  admirably  arranged." — 
Photographic  News. 

"  Certainly  the  finest  illustrated  handbook  to  Photography  which  has  ever  been 
published.  We  have  three  Photogravures,  four  Collotypes,  one  Chrome- Collotype,  numerous 
Blocks,  Photo-Chromo-Typograph,  Chromo-Lithograph,  Woodbury-Type,  and  Woodburj'- 
Gravure  Prints,  besides  many  others.  ...  A  work  which  should  be  on  the  reference 
shelves  of  every  Photographic  Society." — Amateur  Photographer. 

"This  really  important  handbook  of  Photography  .  .  .  the  result  of  wide 
experience  ...  a  manual  of  the  best  class.  .  .  .  As  an  album  of  examples  of 
photographic  reproduction  alone,  the  book  is  not  dear  at  the  price.  ...  A  handbook  so 
far  in  advance  of  most  others,  that  the  Photographer  must  not  fail  to  obtain  a  copy  as  a 
reference  work." — Photographic  Work. 

"The  completest  handbook  of  the  art  which  has  yet  been  published.  There  is  no 
process  or  form  of  apparatus  which  is  not  described  and  explained.  The  beautiful  plates 
given  as  examples  of  the  different  processes  are  a  special  feature." — Scotsman. 

"  Processes  are  described  which  cannot  be  found  elsewhere,  at  all  events  in  so  convenient 
and  complete  a  form.". — English  Mechanic. 

"  The  chapter  on  practical  hints  will  prove  invaluable.  Mr.  Brothers  is  certainly 
to  be  congratulated  on  the  thoroughness  of  his  work."— ZJai/y  Chronicle. 


LONDON  :  EXETER  STREET,  STRAND. 


26 


CHARLES  ORIFFIN  tfe  CO:S  PUBLICATIONS. 


MINE-SURVEYING  (A  Text-Book  of): 

For  the  use  of  Managers  of  Mines  and  Colleries,  Students 
at  the  Royal  School  of  Mines,  do. 

By  BENNETT  H.  BROUGH,  F.G.S., 

Instructor  of  Mine-Surveying,  Royal  School  of  Mines. 
With  Diagrams.     Third  Edition.     Crown  8vo.    Cloth,  7s.  6d. 

General  Contents. 

General  Explanations — Measurement  of  Distances — Miner's  Dial — ^Variation  of 
the  Magnetic-Needle — Surveying  with  the  Magnetic-Needle  in  presence  of  Iron — 
Surveying  with  the  Fixed  Needle — German  Dial — Theodolite — Traversing  Under- 
ground—Surface-Surveys with  Theodolite — Plotting  the  Survey— Calculation  of 
Areas — Levelling — Connection  of  Underground-  and  Surface-Surveys — Measuring 
Distances  by  Telescope — Setting-out — Mine-Surveying  Problems — Mine  Plans — 
Applications  of  Magnetic-Needle  in  Mining — Appendices. 

"  It  is  the  kind  of  book  which  has  long  been  wanted,  and  no  English-speaking  Mine  Agent 
or  Mining  Student  will  consider  his  teclinical  library  complete  without  it." — Nature. 
"  Supplies  a  long-felt  want." — Iron. 

"A  valuable  accessory  to  Surveyors  in  every  department  of  commercial  enterprise." — 
ColUiry  Guardian. 


"W  O  H  K  S 

By  WALTER  R.  BROWNE,  M.A.,  M.  Inst.  C.E., 

Late  Fellow  of  Trinity  College,  Cambridge. 


THE   STUDENT'S  MECHANiCS: 
An  Introduction  to  the  Study  of  Force  and  Motion. 

With  Diagrams.    Crown  8vo.    Cloth,  4s.  6d. 

"  Clear  in  style  and  practical  in  method,  'The  Student's  Mechanics'  is  cordially  to 
recommended  from  all  points  o{y\e.-^."—AtJu7ictum. 


FOUNDATIONS   OF  MECHANICS. 

Papers  reprinted  from  the  jS'w^/w^t'r.    In  Crown  Svo,  is. 


FUEL  AND  WATEH: 

A  Manual  for  Users  of  Steam  and  Water. 
By  PiiOF.  SCHWACKHOFER  and  W.  R.  BROWNE,  M.A.    (See  p.  ^9). 
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PRACTICAL  GEOLOGY 

(J^IDS  IN): 

IVITH  A  SECT/OAT  ON  PALEONTOLOGY. 

BY 

GRENVILLE    A.    J.    COLE,    F.  G.  S., 

Professor  of  Geology  in  the  Royal  College  of  Science  for  Ireland. 
With  Numerous  Illustrations  and  Tables.     Large  Crown  8vo.     Cloth,  los.  6d. 


GENERAL  CONTENTS. 

PART  I.— Sampling  of  the  Earth's  Crust. 

Observations  in  the  field.  I   Collection  and  packing  of  specimens. 


Some  physical  characters  of  minerals. 
Simple  tests  with  wet  reagents. 
Examination  of  minerals  with  the  blowpipe. 
Simple  and  characteristic  reactions. 


PART  II. — Examination  of  Minerals. 

Blowpipe-tests. 

Quantitative  flame  reactions  of  the  felspars 

and  their  allies. 
Examination  of  the  optical  properties  of 
minerals. 


PART  III.— Examination  of  Rocks. 


Introductory. 

Rock-structures  easily  distinguished. 
Some  physical  characters  of  rocks. 
Chemical  examination  of  rocks. 
Isolation  of  the  constituents  of  rocks. 
The  petrological  microscope  and  microscopic 
preparations. 


The  more  prominent  characters  to  be  ob- 
served in  minerals  in  rock-sections. 

Characters  of  the  chief  rock-forming  minerals 
in  the  rock -mass  and  in  thin  sections. 

Sedimentary  rocks. 

Igneous  rocks. 

Metamorphic  rocks. 


PART  IV.— Examination  of  Fossils. 


Introductory. 

Fossil  generic  types. — Rhizopoda  ;  Spongiae  ; 

Hydrozoa ;  Actinozoa. 
Polyzoa ;  Brachiopoda. 
Lamellibranchiata. 


Scaphopoda ;      Gastropoda ;  Pteropoda 

Cephalopoda. 
Echinodermata ;  Vermes. 
Anthropoda. 

Suggested  list  of  characteristic  invertebrate 
fossils. 


"  Prof.  Cole  treats  of  the  examination  of  minerals  and  rocks  in  a  way  that  has  never 
been  attempted  before  .  .  .  deserving  of  the  Highest  praish.  Here  indeed  are 
'aids'  innuhErAule  and  invaluable.  All  the  directions  are  given  with  the  utmost  clear- 
ness and  precision.  Prof.  Cole  is  not  only  an  accomplished  Pitrologist,  he  is  evidently  also 
a  thoroughly  sympathetic  teacher,  and  seems  to  know  intuitively  What  are  stumbling-blocks 
to  learners — a  rare  and  priceless  quality." — AtJii'iiaiiim. 

"To  the  younger  workers  in  Geology,  Prof.  Cole's  book  will  be  as  iNDlsrKNSABLR  as  a 
dictionary  to  the  learners  of  a  \-i.x\^w:\%s."  —Saturday  Kc'ilie'iv. 

"That  the  work  deserves  its  title,  that  it  is  full  of  'Aids,' and  in  the  highest  degree 
'practical,'  will  be  the  verdict  of  .ill  who  use  it." — Nature. 

"A  MOST  VALUABLE  and  welcome  book  .  .  .  the  subject  is  treated  on  lines  wholly 
different  from  those  in  any  other  Manual,  and  is  therefore  very  OKIUINAL." — Science  Gossi/ii 

"  A  more  useful  work  for  the  practical  geologist  h.-is  not  appeared  in  handy  form."  

Scottish  GeograpJiical  Ala^azine. 

"  This  EXCELLENT  IVIanual  .  .  .  wiU  be  A  VERY  GREAT  HELP.  .  .  .  The  scction 
on  the  Examination  of  Fossils  is  probably  the  best  of  its  kind  yet  published.  .  .  .  Full 
of  well-digested  information  from  the  newest  sources  and  from  personal  research." — Annaii 
of  Nat.  History. 
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SEWAGE   DISPOSAL  WORKS: 

A  GUIDE  TO  THE  CONSTRUCTION  OF  WORKS  FOR 
THE  PREVENTION  OF  THE  POLLUTION  BY 
SEWAGE  OF  RIVERS  AND  ESTUARIES. 

BY 

W.  SANTO  CRIMP,   M.Inst.C.E.,  F.G.S., 

Assistant-Engineer,  London  County  Council 

With  Tables,  Illustrations  in  the  Text,  and  33  Lithographic  Plates. 
Medium  8vo.    Handsome  Cloth,  25s. 


PART  I.— Introductory. 


Introduction. 

Details  of  River  Pollutions  and  Recommenda- 
tions of  Various  Commissions. 

Hourly  and  Daily  Flow  of  Sewage. 

The  Pail  System  as  Affecting  Sewage. 

The  Separation  of  Rain-water  from  the  Sewage 
Proper. 


Settling  Tanks. 
Chemical  Processes. 
The  Disposal  of  Sewage-sludge. 
The  Preparation  of  Land  for  Sewage  Dis- 
posal. 

Table  of  Sewage  Farm  Management. 


PART  II.— Sewage  Disposal  Works  in  Operation— Their 
Construction,  Maintenance  and  Cost. 

Illustrated  by  Plates  showing  the  General  Plan  and  Arrangement  adopted 

in  each  District. 


1.  Doncaster  Irrigation  Farm. 

2.  Beddington  Irrigation  Farm,  Borough  of 

Croydon. 

3.  Bedford  Sewage  Farm  Irrigation. 

4.  Dewsbury  and  Hitchin  Intermittent  Fil- 

tration. 

5.  Merton,  Croydon  Rural  Sanitary  Autho- 

rity. 

6.  Swanwick,  Derbyshire. 

7.  The  Ealing  Sewage  Works. 

8.  Chiswick. 

9.  Kingston-on-Thames,  A.  B.  C.  Process. 
JO.  Salford  Sewage  Works. 

II  Bradford,  Precipitation. 


12.  New  Maiden,  Chemical  Treatment  and 

Small  Filters. 

13.  Friern  Bamet. 

14.  Acton,  Ferozone  and  Polarite  Process. 

15.  Ilford,  Chadwell,  and  Dagenham  Sewage 

Disposal  Works. 

16.  Coventry. 

17.  Wimbledon. 
j8.  Birmingham. 

19.  Newhaven. 

20.  Portsmouth. 

21.  Sewage  Precipitation  Works,  Dortmund 

(Germany). 

22.  Treatment  of  Sewage  by  Electrolysis. 


"  All  persons  interested  in  Sanitary  Science  owe  a  debt  of  gratitude  to  Mr.  Crimp.  .  . 
His  work  will  be  especially  useful  to  Sanitary  Authorities  and  their  advisers  .  .  • 
eminISti-y  i  ractical  AND  USEFUL  .  .  .  gives  plans  and  descriptions  of  MANY  OP  THB 
MOST  IMPORTANT  SEWAGE  WORKS  of  England  .  .  .  With  Very  Valuable  information  as  to 
the  COST  of  construction  and  working  of  each.  .  .  .  The  carefully-prepared  drawmgs  per- 
mit of  an  easy  comparison  between  the  different  systems.  —J^ancet. 

"Probably  the  most  complete  and  best  treatise  on  the  subject  which  has  appeared 
in  our  lan^Le.  .  .  .  Will  prove  of  the  greatest  use  .  to  all  who  have  the  problem  of 
Sewage  ™sal  to  face.  .  .  The  general  construction,  drawings,  and  type  are  all 
f^xceA^xA."— Edinburgh  Medical  Journal 


LONDON:  EXETER  STREET,  STRAND. 


SCIENTIFIC  AND  TECHNICAL  WORKS. 


29 


W  O  H  K  S 

By  J.  R.  AINSWORTH  DAVIS,  B.A., 

PROFESSOR  OF  BIOLOGY,  UNIVERSITY  COLLEGE,  ABERYSTWYTH. 


BIOLOGY   (A  Text-Book  of): 

Comprising  Vegetable  and  Animal  Morphology  and  Physiology.     In  Large 
Crown  8vo,  with  158  Illustrations.  Cloth. 

[Second  Edition  «'«  preparation .'\ 


GENERAL  CONTENTS. 

Part  I.  Vegetable  Morphology  and  Physiology.— Fungi— Algas — The 
Moss — The  Fern — Gymnosperms — Angiosperms. 
Comparative  Vegetable  Morphology  and  Physiology — Classification  of  Plants. 

Part  II.  Animal  Morphology  and  Physiology.— Protozoa— Ccelenterata — 
Vermes— Arthropoda — Mollusca — Amphibia — Aves — Mammalia. 
Comparative  Animal  Morphology  and  Physiology— Classification  of  Animals. 
With  Bibliography,  Exam.-Quesiions,  complete  Glossary,  and  158  Illustraliotts. 


"As  a  general  work  of  reference,  Mr.  Davis's  manual  will  be  highly  serviceadle  to 
medical  men.  '—British  Medical  Journal. 

"  Furnishes  a  clear  and  comprehensive  exposition  of  the  subject  in  a  systematic  fonn."  

Saturday  Review. 

"  Literally  packed  with  information." — Glasgow  Medical  Journal. 


THE    FLOWERING  PLANT, 

AS  ILLUSTRATING  THE  FIRST  PRINCIPLES  OF  BOTANY. 

Specially  adapted  for  London  Matriculation,  S.  Kensington,  and  University  Local 
Examinations  in  Botany.    Large  Crown  8vo,  with  numerous  Illustrations     ^s  6d 
Skcond  Edition.  •    j  • 

"  It  would  be  hard  to  find  a  Text-book  which  would  better  guide  the  student  to  an  accurate 
knowledge  of  modern  discoveries  m  Botany.  .  .  .  The  scientific  accuracy  of  statement 
and  the  concise  exposition  of  first  principles  make  it  valuable  for  educational  purposes  In 
the  chapter  on  the  Physiology  of  I'Mowers,  an  admirable  resume  is  given,  drawn  from  Darwin 
Wermann  Miiller,  Kcrner,  and  Lubbock,  of  what  is  known  of  the  Fertilization  of  Flowers  "-- 
/ ourtial  o/tlie  Linnean  Society. 

'•We  are  much  pleased  with  this  volume    .    .    .    the  author's  style  is  MOST  clear,  and 
his  treatment  that  of  a  practised  instructor.    .    .    .    The  Illustrations  are  very  cood 
suitable  and  helpfu  .    The  Appendix  on  Practical  Work  will  be  invaluable  to  the  priv^e 
student.    ...    We  heartily  commend  the  yiaxk:'-Sclwolmaster.  private 
V  Recommended  by  the  National  Home-Reading  Union  ;  and  also  for  use  in  the 
University  Correspondence  Classes. 
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Prof.  Davis's  Works— Continued. 


A   ZOOLOGICAL  POCKET-BOOK; 

Op,  Synopsis  of  Animal  Classification. 

Comprising  Definitions  of  the  Phyla,  Classes,  and  Orders,  with  explanatory 

Remarks  and  Tables. 

By  Dr.   EMIL  SELENKA, 

Professor  in  the  University  of  Erlangen. 

Authorised  English  translation  from  the  Third  German  Edition.  In  Small 
Post  8vo,  Interleaved  for  the  use  of  Students.    Limp  Covers,  4s. 

"Dr.  Selenka's  Manual  will  be  found  useful  by  all  Students  of  Zoology.  It  is  a  compre- 
hensive and  SUCCESSFUL  attempt  to  present  us  with  a  scheme  of  the  natural  arrangement  ol 
the  animal  world."— iMed.  Journal. 

"  Will  prove  very  serviceable  to  those  who  are  attending  Eiology  Lectures.  .  .  .  The 
translation  is  accurate  and  dear."— Lancet. 


INORGANIC  CHEIVIISTRY  (A  Short  IVianLial  of). 

By  a.  dupre,   Ph.D.,  F.R.S.,  and   WILSON  HAKE, 

Ph.D.,  F.I.C.,  F.C.S.,  of  the  Westminster  Hospital  Medical  School. 
Second  Edition,  Revised.     Crown  Svo.     Cloth,  7s.  6d. 

"A  well-written,  clear  and  accurate  Elementarj' Manual  of  Inorganic  Cheim^^^^ 
We  agree  heartily  in  the  system  adopted  by  Drs.  Dupre  and  Hake    Will  make  Experi 
MENTAL  Work  trebly  interesting  because  intelligible.  -Saturday  Revuai. 

"There  is  no  question  that,  given  the  perfect  grounding  of  the  Swdent  m  hU^^^^ 
the  remainder  comes  afterwards  to  him  in  a  manner  much  ™°:-^VA?rT,r  TreaS 
The  work  is  an  example  of  the  advantages  of  the  Systematic  Ireatment  o  a 
Science  over  the  fragmentarv  style  so  generally  followed.    Bv  A  long  way  the  best  of  the 
small  Manuals  for  Sind.sats.''— Analyst. 


HINTS  ON  THE  PRESERVATION  OF  FISH, 

IN  REFERENCE  TO   FOOD  SUPPLY. 

By       COSSAR  EWART,  M.D.,  F.  R.  S.  E., 

Regius  Professor  of  Natural  History,  University  of  Edinburgh. 
In  Crown  Svo.    Wrapper,  6d. 
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Royal  Svo.     Wil7i  numerous  Illustrations  and  17  Lithographic  Plates. 
Jlattdsome  Cloth.    Price  30^. 

BRIDGE-CONSTRUCTION 

(A  PRACTICAL  TREATISE  ON): 

Being  a  Text-Book  on  the  Construction  of  Bridges  in 
Iron  and  Steel. 

FOR  THE  USE  OF  STUDENTS," DRAUGHTSMEN,  AND  ENGINEERS. 

BY 

T.  CLAX;T0N  FIDLER,  M.  INST.  C.E., 

Prof,  of  Engineering,  University  College,  Dundee. 


"Of  late  years  the  American  treatises  on  Practical  and  Applied  Mechanics 
have  taken  the  lead  .  .  .  since  the  opening  up  of  a  vast  continent  has 
given  the  American  engineer  a  number  of  new  bridge -problems  to  solve 
.  .  .  but  we  look  to  the  present  Treatise  on  Beidge-Constbtjction,  and 
the  Forth  Bridge,  to  bring  us  to  the  front  a,ga.m."— Engineer. 

"  One  of  the  vert  best  kecent  works  on  the  Strength  of  Materials  and  its 
application  to  Bridge- Construction.  .  " .  .  Well  repays  a  careful  Study."— 
EriQineerivg. 

"An  INDISPENSABLE  HANDBOOK  for  the  practical  Engineer."— iVaJwre. 

"  The  science  is  progressive,  and  as  an  exposition  of  its  latest  advances 
we  are  glad  to  welcome  Mr.  Fidler's  well-written  treatise."— .4rcAi«ec<. 

"An  admirable  account  of  thetheory  and  process  of  bridge-design,  at  once 
sciENTXPic  and  thoroughly  pkactical.  It  is  a  book  such  as  we  have  a  right 
to  expect  from  one  who  is  himself  a  substantial  contributor  to  the  theory  of 
the  subject,  as  well  as  a  bridge-builder  of  repute. "—5a<M?-da!/  Review. 

"This  book  is  a  model  of  what  an  engineering  treatise  ought  to  be."  

Industries. 

"A  sciENTirio  treatise  of  great  u-erit.'"— Westminster  Review. 

"Of  recent  text-books  on  subjects  of  mechanical  science,  there  has 
appeared  no  one  more  able,  exhaustive,  or  useful  than  Mr.  Claxton 
Fidler's  work  on  Bridge-Construction."— Sco^^wwji. 
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CHARLES  ORIFFIN  d,  CO.'S  PUBLICATIONS. 


FOSTER  (C.  Le  Neve,  D.Sc,  Professor  of  Mining, 

Royal  College  of  Science;  H.M.  Inspector  of  Mines,  Llandudno) : 

ORE  AND  STONE  MINING  (A  Text-Book  oQ.    With  numerous 
Illustrations.    Large  Crown  8vo.    Cloth.  {Shortly. 


GRIFFIN'S   ELECTRICAL   PRICE-BOOK  : 

For  the  Use  of  Electrical,  Civil,  Marine,  and  Borough  Engineers,  Local 
Authorities,  Architects,  Railway  Contractors,  &c.,  &c.  Edited  by 
H.  J.  Dowsing,  M.Inst.E.E.,  &c.  "In  Crown  8vo.    Cloth.    {At  Press. 


GRIFFIN  (John  Joseph,  F.C.S.)  : 

CHEMICAL  RECREATIONS :  A  Popular  Manual  of  Experimental 
Chemistry.  With  540  Engravings  of  Apparatus.  Tenth  Edition.  Crown 
4to.  Cloth. 

Part  I. —Elementary  Chemistry,  2/. 

Part  II.— The  Chemistry  of  the  Non-Metallic  Elements,  including  a 
Comprehensive  Course  of  Class  Experiments,  10/6. 
Or,  complete  in  one  volume,  cloth,  gilt  top,    .       .  12/6. 


GURDEN  (Richard  Lloyd,  Authorised  Surveyor 

for  the  Governments  of  New  South  Wales  and  Victoria)  : 

TRAVERSE  TABLES  :  computed  to  Four  Places  Decimals  for  every 
Minute  of  Angle  up  to  100  of  Distance.  For  the  use  of  Surveyors  and 
Engineers.    Second  Edition.    Folio,  strongly  half-bound,  21/. 

Published  with  Concurrence  of  the  Survey $rs- General  for  New  South 
Wales  and  Victoria. 

"  Those  who  have  experience  in  exact  Survey-work  will  best  know  how  to  ippreciate 
the  enormous  amount  of  labour  represented  by  this  valuable  book.  The  computations 
enable  the  user  to  ascertain  the  sines  and  cosines  for  a  distance  of  twelve  miles  to  withm 
half  an  inch,  and  this  BY  reference  to  but  One  Table,  in  place  of  the  usual  Fifteen 
minute  computations  required.  This  alone  is  evidence  of  the  assistance  which  the  Tables 
ensure  to  every  user,  and  as  every  Surveyor  in  active  practice  has  felt_  the  want  of  such 
assistance,  few  knowing  of  their  publication  will  remain  without  them.  -Engitutr. 
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Griffin's  Standard  Publications 


FOR 


ENGINEERS,  ELECTRICIANS,  ARCHITECTS,  BUILDERS, 
NAVAL  CONSTRUCTORS,  AND  SURVEYORS. 


Applied  Mechanics,  . 

(Student's), 
Civil  Eng-ineering-,  . 
Bpidge-Constpuction, 
Desigrn  of  Stpuctupes, 
Sewagre  Disposal  Works 
Tpavepse  Tables,  . 
Marine  Eng-ineering-, 
Stability  of  Ships, 
The  Steara-Eng-ine,  . 

„  (Student's), 
Boilep  Constpuetion, 
„  Manag-ement, 
Fuel  and  Watep  (for 

Steam  Useps), 
Machinepy  and  Millwopk 
Hydpaulic  Machinepy, 
Useful  Rules  and  Tables 
fop  Eng-ineeps,  &c., 
Electpical  Pocket-Book, 
Nystpom's  Pocket-Book 
Electpical  Price-Book,  . 


Prof.  Ranking, 
Browne,  Jamieson, 
Prof.  Eankine, 
Prof.  Fidleb, 
S.  Anglin,  . 
Santo  Crimp, 

P.  GURDEN, 

A.  E.  Seaton, 

Sir  E.  J.  Reed, 

Prof.  Rankine, 

Prof.  Jamieson, 

T.  W.  Traill,  . 

R.  D.  MuNRo,  . 

[  Schwackhofer  and 
(  Browne, 

Prof.  Rankine, 
Prof.  Robinson, 
Profs.  Rankine  and  ) 
Jamieson,        .  r 

MuNRo  AND  Jamieson, 
Dennis  Marks,  , 
H.  J.  Dowsing,  . 


} 
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Griffin's  Standard  Publications 


FOR 


MINE  OWNERS  AND  MANAGERS,  GEOLOGISTS, 
METALLURGISTS,  AND  MANUFACTURERS. 


Geology  (Stpatigraphical), 
(Physical),  . 
,,         (Practical),  . 
Mine-Surveying, 

Mining,  Coal 

,,  Ore  and  Stone,  . 
Blasting  and  Explosives, 

Metallurgy, 

,,    (Introduction  to). 

Assaying,  •  •  •  • 
Electro-Metallurgy, 


E.  Etheridge,  . 
Prof.  Seelet,  . 
Prof.  Cole, 
B.  H.  Brough,  . 
H.  W.  Hughes, 


PAGE 
42 

41 
27 
26 
36 


Prof.  Le  Neve  Foster,  32 
o.  guttmann,  .  •  35 
Phillips  and  Bauerman,  43 
Prof.  Roeerts-A-osten,  47 
C.  &  J.  J.  Beringer,  24 

W.  M'MlLLAN,    .         .  39 


OTHER  VOLUMES  IN  PREPARATION. 


Griffin's  Students'  Text-Books. 


PAGE 

Biology,.     •  • 

Botany,.     .     .  ^9 

Chemistry— 

Inorganic,  Duprg&Hake,  30 
Qual.  Analysis,  Sexton,  49 
Quant.      „  " 
Recreations,     Griffin,  32 
Experiments,  Wright,  52 


Magnetism  and  Electricity, 

Jamieson,  38 
Meclianies,      •       Rankine,  45 

Physics  (Experiments), 

Wriglit,  52 

Physiology,    •      Stirling,  21 

Steam-Engine,      Jamieson,  3/ 

Zoology,       •  l*''^''^'' 
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I?i  Large  8vo,  with  Numerous  Illustrations  and  Folding  Plates, 

Cloth,  10 J.  ()d. 

B  LAST  I  N  G: 

A  Handbook  for  the  Use  of  Engineers  and  others  Engaged  in 
Mining,  Tunnelling,  Quarrying,  &c. 

BY 

OSCAR  GUTTMANN,  Assoc.  M.  Inst.  C.E. 

good  in  Ae  various  meth^^  T     "  P^I'^t'iI  ^"         his  been  proved 

feature  of  the  WOTk.  of  procedure.    The  Illustrations  form  a  special  and  valuable 

der-Various  '^vll^T''-~'!^''''°''^^^  Sketch-Blasting  Materials-Blasting  Pow- 
OthPr  N^tT    P°'^^'^'^:™'-l''i^es-Gun-cotton-Nitro-glycerine    and  Dynamite- 

Blit  n?-0;l^TiP°''^^^^^^^  (^'^'d)  Explosives-Other  Mean  of 

Diasting— Qualities,  Dangers,  and  Handling  of  Explosives— Choice  of  Rln^tino- 

^^hw'rT'^PP"^??'  Measuring  Force-Blasting  in  F  ery  MinL-Mean  of 
fe^r  h  °^  ^^^^'^-Bore-holes-Machine^-dril^^^S^^ 

'   '  « 

'<IJ?'^  ADMIRABLE  viQxW' -Colliery  Guardian. 

~irof:;^dS::iVrrd^:i::iz.'°  ''""^  ^^^-^^^  -  practicm  work.- 


HURST  (GEO.  H.,  F.C.S.): 

TAINTERS'  COLOURS,  OILS,  AND  VARNISHES  :  A  Text-book 
for  Stitc  ents  and  Practical  Men.  With  Numerous  Ilhistrations.  (Griffin's 
Technological  Series).    Crown  8vo,  Cloth,  12s.  6d.  ^-^nnins 

KNECHT  (Dr.),  RAWSON  (Chr.,  PCS)  and 

LOEWENTHAL  (Dr.):  ^         '  AND 

A  MANUAL  OF  DYEING.  With  Numerous  IlIusLrations  and 
Specimens  of  Dyed  Fabrics.    (Griffin's  Technological  Series  ) 

[At  Press. 
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COAL-MINING  (A  Text-Book  of): 

FOR  THE  USE  OF  COLLIERY  MANAGERS  AND  OTHERS 
ENGAGED  IN  COAL-MINING. 

BY 

HERBERT  WILLIAM  HUGHES,  F.G.S., 

Assoc.  Royal  School  of  Mines,  Certificated  Colliery  Manager. 

In  Demy  Svo,  Handsome  Cloth.    With  very  Numerous  Illustrations^  mostly 
reduced  from  Working  Drawings.  iSj-. 


GENERAL  CONTENTS. 

Geology  Rocks— Faults— Order  of  Succession-Carboniferous  System  in  Britain. 
Goal:  Definition  and  Formation  of  Coal- Classification  and  Conimercial  Value  of  Coals. 
Bearoh  for  Coal :  Boring -various  appliances  used— Devices  employed  to  meet  UiHiculties 
of  deep  Boring-Special  methods  of  Boring- Mather  &  Platfs,  American  and  Diamond 
systms-Accidents^n  Boring-Cost  of  Boring-Use  of.  Boreholes.    Breaking  Ground: 
Tools-Transmission  of  Power:  Compressed. Air,  Electricity-Power  Machme  Dnl's-Coal 
Cutting  by  Machinery- Cost  of  Coal  Cutting-E.xplosives-Blastmg  m  Dry  and  D"=ty 
Minesi Blasting  by  Electricity- Various   methods    to   supersede  Blasting  Sinking. 
Position,  Formfand'^Size  of  shaft-Operation  of  getting  down  to  ''Stone-head  "-Metho^^^ 
croceedine  afterwards— Lining  shafts-Keeping  out  Water  by  Tubbing-Cost  of  Tubbing— 
s  S  brBoring-Kind-Chaudron,  and  Lipmann  methods-Smkmg  through  Q-'cksands 
-Cost  of  Sinking     Preliminary  Operations  :  Driving  underground  Roads-bupport  ng 
Roof  :  Timberini,  Chocks  or  Cogs,  Iron  and  Steel  Supports  and  Masonry-Arrangement  of 
Inset     MethoSs  of  Working:  Shaft,  Pillar,  and  Subsidence-Bord  and  Pi  lar  System- 
T  ancashire  Method-Longwall  Method-Double  Stall  Method-Working  Steep  Seams- 
\Cl^ng  Thick  Seams-Working  Seams  lying  near  together-Spontaneous  Combustion, 
^^anlale-  Rails-Tubs- Haulage  by  Horses-Self-acting  Inclines-Direct-a^ting  Haulage 
Sin  akd  Tail  Rope-Endlefs  Chain- Endless   Rope-Comparison      Winding:  Pit 
^  P,,lltvs_Caees-Ropes-Guides-Engines-Drums-Brakes-Counterbaancing— 
Exo^n  ion-Condensain-Com^^^^       Engines^  Prevention  of  Overwinding-Catches  at  pit 
foD-Changing    Tubs-Tub    Controllers- Signalling.     Pumping:   Bucket  and  Plunger 
PumDS  -  S\  p|ortinE  Pipes  in  Shaft  -  Valves  -  Suspended  lifts  for  Sinking- Cornish  and 
B«rEngines-Davfy  differential  Engine-Worthington  Pump-Calculat.ons  as  to  size  of 
PuLs- Draining  Deep  Workings-Dams.     Ventilation:    Quantity  of  air  requ.red- 
Cres  met  w"  h  in   M^nes-CoaWust-Laws  of  Friction-Production  of  Air-current - 
NaturarVent  lation- Furnace  Ventilation-Mechanical  Ventilators-Efficiency  of  Fans- 
rjaturai  v  enuiai  uii  Fans— Distribution  of  the  Air-current— Measurement  of  Air- 

Comparison  of  Furnaces  and  l<ans    u^^  Lamps  -  Modern   Lamps  -  Conclusions- 

5""v     ,n^niiw  Lamps- eKc  Light  Underground-Delicate  Indicat^.  Works 
at 'sufface Bo"  er^s-Eanical  Stokmg-Coal  Conveyors- Workshops.  Preparation 
Coal  for  Market?  General  Considerations-Tipplers-Screens-Varying  the  Sues  made 
of  coal  lor  ;     Tables-Loading  Shoots-Typical  Illustrationsof  the  arrange- 

m^ent'^f  V^riouf  Sc'e'^^int EsVuiskm  Washing-Dry  Coal  Cleaning  -Briquettes. 

*.*  A  Novel  and  Important  Feature  will  be  found  in  the  Biblioghaphy  given  at  the  end 
of  each  Chapter.  

"A  Te.vt-book  on  Coal-Mining  is  a  .reat  d-dej^tum  and  Mr^^^^^^ 
ADMIRABLE  QUALIFICATIONS  for  supplying  It.    .    .    .    We  corQiaiiy  retu 
—Colliery  Guardian,   
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"w  o  :r  K  s 

By  ANDREW  JAMIESON,  M.Inst.C.E.,  F.R.S.E., 

Professor  of  Ens^ineeriiig,  GUisgow  and  West  o/ Scotland  Technical  College. 


Seventh  Edition,  Revised  and  Enlarged.    Crown  8vo,  Cloth,  8s:  6d. 

A  TEXT-BOOK  ON  STEAM  AND  STEAM-ENGINES 

With  over  200  Illustrations,  Folding-Plates,  and 
Examination  Questions. 

'  Professor  Jamieson  fasdnates  the  reader  by  his  clearness  of  conception  and 
IMPLic  TY  of  EXPKESSION.     His  treatment  recalls  the  lecturing  of  Faraday."— ^//ifWa-^?/;. 
"  The  Best  Book  yet  published  for  the  use  of  Students."— iS«^'Kf<?r. 

"Undoubtedly  the  most  valuable  and  most  complete  Hand-book  on  the  subject 
lat  now  exists.  — Marine  Ens:ineer. 


A  POCKET-BOOK  of  ELECTRICAL  RULES  and  TABLES. 

FOR  THE  USE  OF  ELECTRICIANS  AND  ENGINEERS. 

Pocket  Size.    Leather,  8s.  6d.    Ninlh  Edition,  revised  and  enlarged. 
(See  under  Munro  and  Jamieson. ) 


ELECTRICITY  &  MAGNETISM  (An  Advanced  Text-Book  on) 

For  the  Use  of  Science  and  Art,  City  and  Guilds  of  London,  and  other 
Students.     With  Illustrations. 

\Shortly. 


Prof.  Jamieson's  Elementary  Manuals  for 
First-Year  Students. 

1.  STEAM  AND  THE  STEAM-ENGINE 

(AN  ELEMENTARY  MANUAL  ON): 

Forming  an  Introduction  to  the  larger  Work  by  the  same  Author.    With  very 
numerous  Illustrations  and  Examination  Questions.      Third  Edition 
Crown  8vo.    Cloth,  3s.  6d. 

*  "tJlf^^u"'*!  ""'^'"V"       ^PP^^'-'ice  and  StudcnL"-£„^;W    ""^  ™ 

tjhould  be  m  the  hands  of  every  engineering  apprentice. "-Priit^jCfl/  Enginetr. 
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PROF,  JAMIESON'S  ELEMENTARY  MANUALS— ConimMecZ. 


Second  Edition.   Crown  8vo,  with  very  numerous  Illustrations. 

2.    MAGNETISM   AND  ELECTRICITY 

(AN  ELEMENTARY  MANUAL  ON). 
"With  very  Numerous  Diagrams  and  Examination  Questions. 

Part  L— Magnetism.  Part  II —Voltaic  Electricity.  Part  III.— 
Electro-Statics,  or  Frictional  Electricity. 
Complete  in  One  Volume,  3s.  6d. 

"  The  arranseraent  is  as  good  as  it  well  can  be,  ....  the  diafrrams  f re  exceli.ent^ 
.  .  .  The  subject  treated  as  an  essentially  practical  one,  and  very  clear  i"str"Ctio  is 
piven.  Teachers  are  to  be  congratulated  on  having  such  a  thoroughly  trustwoutui 
Tkxt-Book  at  their  disposal."— iV(i/!ire.  „    r,,   /  •  in.,.;.,,, 

"  An  excellent  and  very  practical  elementary  treatise."- Eiec/ncai  ^f^"*^"'-,  „ 

"An  ADMIRABLE  Introduction  to  Magnetism  and  Electricity  .  .  .  t!^^  production 
of  a  skilled  and  experienced  teacher.   .    .    .    i^-^P'^'^e^  ^^^Vy  P°'"^  ^^^^^^ 
experiments,  rendei'ed  easier  by  admirable  ilhistrations."-Bn<isA  Medical  JournaL 

"A  CAPITAL  text-book.  .  .  .  Tbe  diagrams  are  an  important  leature.  — 
Schoolmaster.  

3.  APPLIED  MECHANICS  (An  Elementary  Manual  on). 

With  very  numerous  Illustrations  drawn  expressly  for  the  work,  and 
Examination  Questions.    Crown  8vo.    3s.  Gd. 

Second  Edition.    Enlarjed,  and  very  fully  Illustrated.    Cloth,  4.s.  M. 

STEAM  -  BOILERS; 

THEIR  DEFECTS,  M .^INAGEMENT,   AND  CONSTRUCTION. 
By   E.   D.  MUNRO, 

Engineer  of  the  Scottish  Boiler  Insurance  and  Engine  Inspection  Company. 
This  work  written  chiefly  to  most  the  wants  of  Mechauics,  Engme- 
kcepers,  and  Boiler-attendants,  also  contains  information  of  the  first  import- 
ance to  every  user  of  Steam-power.  It  is  a  practical  work  written  for  prac- 
tical men,  the  language  and  rules  being  tlu-oughout  of  the  simplest  nature. 

Gesekal  Contents.— Explosions  caused  by  Overheating  of  Plates :  (a) 
Shortness  of  Water:  [h)  Deposit-Explosious  caused  by  Defective  and 
Overloaded  Safety-Valves  -Area  of  Safety-Valves-Explosions  caused  by 
Corrosion-Explosions  caused  by  Defective  Design  and  Construction 

*  *  To  the  Second  Edition,  a  Section  on  the  Management  of  Upright 
Internally-fired  Boilers,  and  a  Specification  and  detailed  Drawing  of  a  Lan- 
cashire Boiler  for  a  working  pressure  of  200  lbs.  per  sq.  m.,  have  been  added. 

"  A  valuable  companion  for  workmen  and  engineers  engaged  a,bout  Steam 
Bnilers  ou-ht  to  be  carefully  studied,  and  always  at  ilvnd."- Co«.  tfuardtan. 

ThTsSects  referred  to  are  handled  in  a  trustworthy,  clear,  and  practical 
manner  .  .  •  The  book  is  very  useful,  especially  to  steam  users, 
artinans,  and  young  engineers."- ^n.r/trtcen  
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ELECTRO-METALLURGY  (A  Treatise  on): 

Embracing  the  Application  of  Electrolysis  to  the  Plating,  Depositing, 
Smelting,  and  Refining  of  various  Metals,  and  to  the  Repro- 
duction of  Printing  Surfaces  and  Art-Work,  &c. 

By  WALTER  G.  M'MILLAN,  F.I.C.,  F.C.S., 

Chemist  and  Melallurgist  lo  the  Cossipore  Foundry  and  Shell-Factory;  Late  Demonstrator 
of  Metallurgy  in  King's  College,  London. 

With  numerous  Illustrations.    Large  Crown  8vo.    Cloth,  10s.  6d. 


GENERAL  CON'TENTS. 


— Electro-Deposition  of  Alloys— Electro- 
Metallurgical  Extraction  and  Befining 
Processes  —  Recovery  of  certain  Metals 
from  their  Solutions  or  Waste  Substances 
—  Determination  of  the  Proportion  of 
Metal  in  certain  Depositing  Solutions — 
Glossary  of  Substances  commonly  em- 
ployed in  Electro-Metallurgy— Addenda  : 
Various  useful  Tables— The  Bronzing  ot 
Copper  and  Brass  Surfaces— Antidotes  to 
Poisons. 


Introductory  and  Historical — Theoreti- 
cal and  General— Sources  of  Current- 
General  Conditions  to  be  observed  in 
Electro- Plating  —  Plating  Adjuncts  and 
Disposition  of  Plant— Cleansing  and  Pre- 
paration of  Work  for  the  Depositing- Vat, 
and  Subsequent  Polishing  of  Plated  Goods 
— Electro-Deposition  of  Copper— Electro- 
typing— Electro-Deposition  of  Silver— of 
Gold— of  Nickel  and  Cobalt— of  Iron— of 
Platinum,  Zinc,  Cadmium,  Tin,  Lead, 
Antimony,  and  Bismuth ;  Electro-chromy 

"  This  excellent  treatise,  .  .  .  one  of  the  best  and  most  complete 
manuals  hitherto  published  on  Electro-Metallurgy."— £'Zecir!caZ  Review. 

"Well  brought  up  to  date,  including  descriptions  such  as  that  of 
Elmore's  recent  process  for  the  manufacture  of  seamless  copper  tubes  of 
extraordinary  strength  and  tenacity  by  electro- deposition  of  the  pure 
metal.  .  .  .  Illustrated  by  well-executed  and  effective  engravings."— 
Journal  o/Soc.  of  Ghe.m.  Industry. 

"  This  work  will  be  a  standard.  "—/oweZ^er. 

"Any  metallurgical  process  which  eeduces  the  cost  of  production 
must  of  necessity  prove  of  great  commercial  importance.  ...  We 
recommend  this  manual  to  all  who  are  interested  in  the  piiactical 
application  of  electrolytic  processes."— jVa<«rc. 
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MUNRO  &  JAMIESON'S  ELECTRICAL  POCKET-BOOK. 

Ninth  Edition,  Revised  and  Enlarged. 

A  POCKET-BOOK 

OF 

ELECTKICAL  ETJLES  &  TABLES 

FOR  THE  USE  OF  ELECTRICIANS  AND  ENGINEERS. 

BY 

JOHN  MUNRO,  C.E.,  &  Prof.  JAMIESON,  M.Inst.C.E.,  F.R.S.E. 

With  Numerous  Diagrams.    Pocket  Size.    Leather,  8s.  6d. 

This  work  is  fully  illustrated,  and  forms  an  extremely  convenient  Pocket 
Companion  for  reference  on  important  points  essential  to  Electricians  and 
Electrical  Engineers. 


GENERAL  CONTENTS. 

Electro-Metallurgy. 
Batteries. 

Dynamos  and  Motors 
Transformers. 
Electric  Lighting 
Miscellaneous. 
Logarithms. 
Appendices. 


Units  of  Measurement. 
Measures. 
Testing. 
Conductors. 
Dielectrics. 
Submarine  Cables. 
Telegraphy. 
Electro-Chemistrt. 

"Wonderfully  Perfect.  .  .  .  Worthy  of  the  highest  commendation  we  can 
^'^'Th^^S?ERUNG  Value  of  Messrs.  Munro  and  Jamieson's  Pocket-Book."- 
EUctrical  Review. 


NYSTROM'S  POCKET-BOOK 


OF 


MECHANICS  &  ENGINEERING. 

revised  and  corrected  by 
W.  DENNIS  MARKS,  Ph.B.,  C.E.  (yale  s.s.s.), 

Whitney  Professor  of  Dynamical  Engineering,  University  of  Pennsylvania. 

Pocket  Size.    Leather,  iSs.    Twentieth  Edition.    Revised  and  greatly 

enlarged. 
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Demy  8vo,  Handsome  cloth,  18s. 

Physical  Geology  and 
Paleontology, 

OM  THE  BASIS  OF  PHILLIPS. 

BY 

HARRY    GOVIER    SEELEY,    F.R.  S., 

PROFESSOR  OF  GEOGRAPHY  IN  KING'S  COLLEGE,  LONDON. 

TOlltb  3fcon«spfece  in  Cbcomo=xitbograpbB,  an&  Jllustratfons. 


"  It  is  impossible  to  praise  too  highly  the  research  which  Professor  Seeley's 

'  Physical  Geology  evidences.    It  is  far  more  than  a  Text-book  it  is 

a  Directory  to  the  Student  in  prosecuting  his  researches."— £x/ra<:^  from  the 
Presidential  Address  to  the  Geological  Society,  1885,  by  Rev.  Professor  Bonnev 
D.Sc,  LL.D.,  F.R.S. 

"  Professor  Seeley  maintains  in  his  '  Physical  Geology  '  the  high 
reputation  he  already  deservedly  bears  as  a  Teacher.    ,    .    .    It  is  difficult, 
in  the  space  at  our  command,  to  do  fitting  justice  to  so  large  a  work. 
The  final  chapters,  which  are  replete  with  interest,  deal  with  the  Biological 
aspect  of  Palaeontology.    Here  we  find  discussed  the  origin,  the  extinction 
succession,  migration,  persistence,  distribution,  relation,  and  variation  of  species 
— with  other  considerations,  such  as  the  Identification  of  Strata  by  Fossils 
Homotaxis,  Local  Faunas,  Natural  History  Provinces,  and  the  relation  of 
Lmng  to  Extinct  foms."— Dr.  Henry  Woodward,  F.R.S.,  in  the  "  Geological 
Magazine.  " 

''  A  deeply  interesting  volume,  dealing  with  Physical  Geology  as  a  whole 
and  also  presenting  us  with  an  animated  summary  of  the  leading  doctrines  and 
tacts  of  Palaeontology,  as  looked  at  from  a  modern  sta.ndpoint."—ScotsMan, 

"  Professor  Seeley's  work  includes  one  of  the  most  satisfactory  Treatises 
on  Lithology  in  the  English  language.  ...  So  much  that  is  not  accessible 
m  other  works  is  presented  in  this  volume,  that  no  Student  of  Geoloey  can 
afford  to  be  without  it."— American  /ountal  of  Engineering. 

"Geology  from  the  point  of  view  of  Evolution."— Westminster  Revim. 

"  Professor  Seeley's  Physical  Geology  is  full  of  instructive  matter, 
whilst  the  philosophical  spirit  which  it  displays  will  charm  many  a  reader 
t  rom  early  days  the;  author  gave  evidence  of  a  powerful  and  eminently  oririnai 
genius.  No  one  has  shown  more  convincingly  than  the  author  that  in  all 
ways,  the  past  contains  within  itself  the  interpretation  of  the  existinc  world.  "— 
Annals  of  Natural  History.  ^ 
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Demy  8vo,  Handsome  cloth,  34s. 

Stratigraphical  Geology 
AND  Paleontology, 

ON 

TRB  BASIS   OF  PHILLIPS. 

BY 

ROBERT  ETHERIDGE,   F.  R.  S., 

OF  THE  NATURAL  HIST.  DEPARTMENT,  BRITISH  MUSEUM,  LATE  PALEONTOLOGIST  TO  THB 
OF  THE  NATURAL  Hlbl^  ^^^^^^         ^^^^^  BRITAIN,  PAST  PRESIDENT  OF  THE 

GEOLOGICAL  SOCIETY,  ETC. 

TKlitb  /Iftap,  mumerous  ^Tables,  anD  ^rblrtB*sl£  plates. 

"In  1 8^4  Prof.  TOHN  Morris  published  the  Second  Edition  of  his 'Catalogue 
of  British  Fossils','  then  numbering  1,280  genera  and  4,000  species.  Since 
that  date  3,000  genera  and  nearly  12,000  new  species  have  been  descnbed, 
thus  bringing  up  the  muster-roll  of  extinct  life  in  the  British  Islands  alone  to 
3  680  genera  and  16,000  known  and  descnbed  species. 

'  Numerous  TABLES  of  ORGANIC  REMAINS  have  been  prepared  and 
brou-ht  down  to  1 884,  embracing  the  accumulated  wealth  of  the  labours  of 
past  and  present  investigators  during  the  last  thirty  years.  Eleven  of  these 
Table  "contain  every  known  British  genus,  zoologically  or  systematically  placed 
with  the  number  of  species  in  each,  showing  their  broad  distribution  through 
Ume  The  remaining  105  Tables  are  devoted  to  the  analysis,  relation, 
HTtorical  value,  and  distribution  of  specific  life  through  each  group  of  strata 
These  tabular  deductions,  as  well  as  the  Pateontological  Analyses  through  the 
text  are  for  the  first  time,  fully  prepared  for  English  stndents."-£xtraa from 
Author's  Preface.  ^  

*  *  Prospectus  0/  the  above  important  work-perhaps  the  most  elaborate^ 
*       its  kind  ever  written,  and  one  calculated  to  give  a  new  strength  0  the  study 
of  Geology  in  Bi  itain-may  be  had  on  application  to  the  Publishers. 

It  is  not  too  much  to  say  that  the  work  wUl  be  found  to  occupy  a  place 
entirely  its  own,  and  will  become  an  indispensable  guide  to  every  BnUsh 
Geologist.   — 

"  No  such  compendium  of  geological  knowledge  has  ever  been  brought  together  before.-- 

Westmmster  Review.  .       •  -nd  fhe  breadth  of  its  views, 

"  If  Prof.  Sreley's  volume  was  remarkab^  for  its  °"f  book  differs  in  con- 

Mr.  ETHERIDGE  fully  justifies  the  assertion  made  m  h'^^P^X  mCH  rank  among  works 
struction  and  detail  from  any  known  manual.    .   .    .    Must  taice  «iv- 
OF  ROFERKUCK."— A i/u;msum. 
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Third  Edition,  Revised  hy  Mr.  II.  Bauerman,  F.G.S. 

ELEMENTS   OP  METALLURGY: 

A  PRACTICAL  TREATISE  ON  THE  ART  OF  EXTRACTING  METALS 
FROM  THEIR  ORES. 

By  J.  ARTHUR  PHILLIPS,  M.Inst.C.E.,  P.O.S  F.G.S.,  &c., 

AND 

H.   BAUERMAN,  V.  P.  G.  S. 

With  Folding  Plates  and  many  Illustrations.    Med.  Svo. 
Handsome  Cloth,  36s. 


GENERAL  CONTENTS. 


Refractory  Materials. 

Pire-Clays. 

Fuels,  &c. 

Aluminium. 

Copper. 

Tin. 


Antimony. 

Arsenic. 

Zinc. 

Mercury. 

Bismuth, 

Lead. 


Iron. 

Cobalt. 

NickeL 

Silver. 

Gold. 

Platinum. 


*,*  Many  NOTABLE  additions,  dealing  with  new  Processes  and  Developments 
■will  be  found  in  the  Third  Edition. 

''  Of  the  Third  Edition,  we  are  still  able  to  say  that,  as  a  Text- book  of 
Metallurgy  it  is  the  best  with  which  we  are  acquainted."-^/,««i.fr 
fi.of  f .  ^  °/  *A'?  ^^'O'^k  if  almost  inestimahk.  There  can  be  no  question 
that  the  amount  of  time  and  labour  bestowed  on  it  is  enormous  IW 
is  certainly  no  Metallurgical  Treatise  in  the  language  calculated  to  prove  of 
such  general  ntihty. "—Mining  Journal.  ^    ^  °' 

"  'Elements  of  Metallurgy'  possesses  intrinsic  merits  of  the  highest  de<rrpp 
Such  a  work  IS  precisely  wanted  by  the  great  majority  of  students  anri 
practical  workers,  and  its  very  comi,actuess  is  in  itself  a  first-rate  recom- 
mendation.   The  author  has  treated  with  great  skill  the  metallurcrical  onci^ 
tions  relating  to  all  the  principal  metals.    The  methods  ..re  c  LSribed  v  tl 
surprising  clearness  and  exactness,  placing  an  easily  intelligible  picture  of  ead 
process  even  before  men  of  less  practical  experience,  and  illustilting  the  most 
important  contrivances  in  an  excellent  and  perspicuous  manner  Tn 
our  opinion  tlie  best  work  ever  written  on  the  subject  with  'a  vie"w  to  itl 
VTa.ctica.[  trea,tmcnt.''— Westmimler  Mevieiv.  a  view  to  its 

"In  this  most  useful  and  handsome  volume  is  condensed  a  large  amount  of 
valuable  practical  knowledge.  A  careful  study  of  the  first  divish^Tof  the 
book,  on  Euels,  will  be  found  to  be  of  great  value  to  every  one  in  tra  nintr  f  r 

th:jr^?^;Sti!s-SaSr^i^cJk^s^  ?  ^^^^-Sid.? 

tions  are  admirable  examples  of  Wood  Engraving.  "-CViemjWA^ew 
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SCIENTIFIC  MANUALS 


BY 


W.  J.  MACQUORN  RANKINE,  C.E.,  LLD.,  F.R  S., 

Xate  Regius  Professor  of  Civil  Engineering  in  the  University  of  Glasgow. 

Thoroughly  Revised  by  W.  J.  MILLAR,  C.E., 

Secretary  to  the  Institute  of  Engineers  and  Shipbuilders  in  Scotland. 
In  Crown  8vo.  Cloth- 


I  RANKINE  (Prof.)!  APPLIED  MECHANICS: 

comprising  the  Principles  of  Statics  and  Cinematics,  and  Theory  of  Struc- 
tures.  Mechanism,  and  Machines.  With  numerous  Diagrams.  T/nrUenth 
Edition,  12/6. 

r  •,  .  V     J         ,c  o  tPvt-Vinnlc         .    .    The  whole  of  the  information  is  SO 
adS^y-LS'in'ge'd*^^^^^^^^^^^^ 

II  RANKINE  (Prof.):  CIVIL  ENGINEERING: 

comprising  Engineering  Surveys,  Earthwork,  Foundations  Masonr,', 
Ca"p  ntiy!  MetS-work,  Roads,  Railways,  Canals,  Rivers,  Water-work. 
Harbours,  &c.  With  numerous  Tables  and  lUustrations.  Eighteenth 
Edition,  16/. 

"  Far  surpasses  in  merit  eve.ry  listing -^nf  and  "^^.tl,  ^T:^^^^^^^^) 
^^i^'^te^lTrf oPrhitfh' appS^^^  >^^-  ^^^^  ^ 

like' to  express."— r/j^  Engiiiecr. 

III  RANKINE  (Prof.):  MACHINERY  AND 

MILLWORK:  comprising  the  Geometry,  Motions,  Work,  Strength, 
Constldon!  and  Objects  of  Machines,  &c.  Illustrated  with  nearly  300 
Woodcuts.    Sixth  Edition,  1 2/6. 

..professor  RanUine's  'Manual      ^achi^e^  and  Mil^o^ 
ZTo'^r  t'Sn^n^orf^^la^i^.^"^  engineer. --r^  B,.^n... 
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Prof.  Rankinb's  Works— (Conimued). 

IV.  RANKINE   (Prof.):   THE  STEAM  EN- 

GINE  and  OTHER  PRIME  MOVERS.  With  Diagram  of  the 
Mechanical  Properties  of  Steam,  Folding-Plates,  numerous  Tables  and 
Illustrations.    Tliirteenth  Edition,  12/6. 

V.  RANKINE  (Prof.):  USEFUL  RULES  and 

TABLES  for  Engineers  and  others.  With  Appendix :  Tables,  Tests, 
and  Formulae  for  the.  use  of  Electrical  Engineers  ;  comprising 
Submarine  Electrical  Engineenng,  Electric  Lighting,  and  Transmission 
ofPower.  By  Andrew  Jamieson,C.E.,F.R.S.E.  Seventh  EdiHon,iol6. 

"Undoubtedly  the  most  useful  collection  of  engineering  data  hitherto  produced."— 
Mtning  Jourtial. 

"  Every  Electrician  will  consult  it  with  'p^tAl."— Engineering. 

VI.  RANKINE    (Prof.):    A  MECHANICAL 

text-book:  by  Prof.  Macquorn  Rankine  and  E.  F.  Bamber, 
C.E.    With  numerous  Illustrations.    Fourth  Edition,  9/. 

"  The  work,  as  a  whole,  is  very  complete,  and  likely  to  prove  invaluable  for  furnishing 
a  useful  and  reliable  outline  of  the  subjects  treated  ol."— Mining  Journal. 

•»*  The  Mechanical  Text-Book  forms  a  simple  introduction  to  Professor  Rankinb's 
Series  of  Manuals  on  Engineering  and  Mechanics. 

VII.  RANKINE  (Prof):  MISCELLANEOUS 

SCIENTIFIC  PAPERS.    Royal  8vo.    Cloth,  31/6. 

Part  I.  Papers  relating  to  Temperature,  Elasticity,  and  Expansion  of 
Vapours,  Liquids,  and  Solids.  Part  II.  Papers  on  Energy  and  its  Trans- 
formations.   Part  III.  Papers  on  Wave- Forms,  Propulsion  of  Vessels,  &c 

With  Memoir  by  Professor  Tait,  M.  A.  Edited  by  W.  J.  Millar,  C.E. 
With  fine  Portrait  on  Steel,  Plates,  and  Diagrams. 

"  No  more  enduring  Memorial  of  Professor  Rankine  could  be  devised  than  the  publica- 
tion of  these  papers  m  an  accessible  form.    .    .    .    The  Collection  is  most  valuable  on 
account  of  the  nature  of  his  discoveries,  and  the  beauty  and  completeness  of  his  analysis 
...    The  Volume  exceeds  in  importance  any  work  in  the  same  department  published 
m  our  time  — Architect, 
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GHARLE8  GRIFFIN  dh  CO.'S  PUBLICATIONS. 


Royal  8uo,  Handsome  Cloth,  2Sa. 

THE  STABILITY  OF  SHIPS. 

BY 

SIR  EDWARD  J.  REED,  K.C.B.,  F.R.S.,  M.P., 

KNIGHT  OF  THE  IMPERIAL  ORDERS   OF  ST.  STANILAUS  OF  RUSSIA;   FRANCIS  JOSEPH  OF 
AUSTRIA  ;    MEDJIDIE   OF   TURKEY  ;    AND   RISING   SUN   OF   JAPAN  ;  VICE- 
PRESIDENT  OF  THE  INSTITUTION  OF  NAVAL  ARCHITECTS. 

With  numerous  Ulusirations  and  Tables. 

This  work  has  been  written  for  the  purpose  of  placing  in  the  hands  of  Naval  Constructors, 
Shipbuilders,  Officers  of  the  Royal  and  Mercantile  Marines,  and  all  Students  of  Naval  Science 
a  complete  Treatise  upon  the  Stability  of  Ships,  and  is  the  only  work  m  the  Enghsb 
Language  dealing  exhaustively  with  the  subject. 

The  plan  upon  which  it  has  been  designed  is  that  of  deriving  the  fundamental  principles 
and  definitions  from  the  most  elementary  forms  of  floating  bodies,  so  that  they  may  be 
clearly  understood  without  the  aid  of  mathematics :  advancing  thence  to  aU  the  higher  and 
more  mathematical  developments  of  the  subject. 

The  work  also  embodies  a  very  full  account  of  the  historical  rise  and  progress  of  the 
Stability  question,  setting  forth  the  results  of  the  labours  of  Bouguer,  Bernoulli  Don 
Juan  d'Ulloa,  Euler,  Chapman,  and  Romme,  together  with  those  of  our  own  Countrymen, 
Atvvood,  Moseley,  and  a  number  of  others. 

The  modem  developments  of  the  subject,  both  home  and  foreign,  are  likewise  treated 
with  much  fulness,  and  brought  down  to  the  very  latest  date,  so  as  to  include  the  labours  not 
^  V  of  Dargnies,  Reech  (whose  famous  Memoire,  hitherto  a  sealed  book  to  the  majonty 
of  English  naval  architects,  has  been  reproduced  in  the  present  work),  Risbec,  Ferranty. 
Dupm  GuYou,  and  Daymard,  in  France,  but  also  those  of  Rankine.  Woolley.  Elgar. 
John  White,  Gray,  Denny,  Inglis,  and  Benjamin,  in  Great  Britain. 

In  order  to  render  the  work  complete  for  the  purposes  °f  Shipbuilder  whether  at 
home  or  abroad,  the  Methods  of  Calculation  mtroduced  by  Mr.  F.  K.  Barnes  Mr^JfR^Y 
M  Reech  M.  Daymard,  and  Mr.  Benjamin,  are  all  given  separately,  illustrated  by 
Tablef  and  worked-out  e.vkmples.  The  book  contains  more  than  f  °  D'ag'"^'",^'  f<^,  ,^ 
illustrated  by  a  large  number^f  actual  cases,  derived  from  ships  of  all  descnptions,  but 
especially  from  ships  of  the  Mercantile  Marine.  ,       •  ■ 

The  work  will  thus  be  found  to  constitute  the  most  comprehensive  and  exhaustive  Treatise 
hitherto  ^resenTed  to  the  Profession  on  the  Science  of  the  Stability  of  Ships. 

■    possibly  not  be  able  to  obtain  at  all  elsewhere.  -Steamship. 

This  important  and  valuable  work   .       .    cannot  be  too  highly  recommended  to 
all  connected  with  shipping  interests."— .„c.,.„,„-.rTv,7  nnd 
"This  VERY  IMPORTANT  TKEATISE,    .     .     .    the  MOST  INTELLIGIBLE,  INSTRUCTIVE,  and 
complete  that  has  ever  appeared.' -iVa/«m           ,  .  ^  .,  „           ,    .  „  ..  [j/,,>„,w,, 
•■The  volume  is  an  essential  one  for  the  shipbuilding  profession.  -JF,sf,n,nsier 
Review.   
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In  Large  Crown  8uo,  Handsome  Cloth,  with  Numerous 
Illustrations,  7s.  6d.    Second  Edition. 

METALLURGY 

(AN  INTRODUCTION  TO  THE  STUDY  OF). 

BY 

W.  C.  ROBERTS-AUSTEN,  C.B.,  F.R.S., 

CHEMIST  AND  ASSAYER  OF  THE  ROYAL  MINT  ;  PROFESSOR  OF  METALLURGY  IN 
THE  ROYAL  COLLEGE  OF  SCIENCE. 


GENERAL 

Relation  of  Metallurgy  to 

Chemistry. 
Physical  Properties  of 

Metals. 
Alloys. 

The  Thermal  Treatment 

OF  Metals. 
Fuel. 


contents. 

Materials  and  Products  of 
Metallurgical  Processes. 
Furnaces. 

Means  of  Supplying  Air  to 

Furnaces. 
Typical  Metallurgical 

Processes. 
Economic  Considerations. 


"  No  English  text-book  at  all  approaches  this  one  either  in  its  method  of 
treatment,  its  general  arrangement,  or  in  the  completeness  with  which  the  most 
modern  views  on  the  subject  are  dealt  with.  Professor  Austen's  volume  will  be 
invaluable,  not  only  to  the  student,  but  also  to  those  whose  knowledge  of  the 
art  IS  far  advanced." — Chemical  News. 

"Invaluable  to  the  student.  .  .  .  Rich  in  matternot  to  be  readily  found 
elsewhere.  — Athen(Eum.  ' 

"  This  volume  amply  realises  the  expectations  formed  as  to  the  result  of  the 
labours  of  so  eminent  an  authority.    It  is  remarkable  for  its  originality  of  con- 
ception and  for  the  large  amount  of  information  which  it  contains  Tht- 
enormous  amount  of  care  and  trouble  expended  upon  it.    .       "    "  We  recom 
woT£"-i]^J4S„°j-.'^'''''^'  information  not  only  to  consult,  but  to  study  this 

■'  Will  at  once  take  front  RANK  as  a  XayA-hodk.—Science  and  Art 
of  Ro.'^ekts-Austen's  book  marks  an  epoch  in  the  history  of  the  teachinir 

of  metallurgy  in  this  <:.o\iXi\xy:'— Industries.  leacning 
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Medium  8vo,  Handsome  cloth,  25s. 

HYDRAULIC  POWER 


AND 


HYDRAULIC  MACHINERY. 


BY 


HENRY  ROBINSON,  M.  Inst.  C.E.,  F.G.S., 

FELLOW  OF  king's  COLLEGE,  LONDON  ;  PROF.  OF  CIVIL  ENGINEERING, 
king's  COLLEGE,  ETC.,  ETC. 

"mwo  numerous  "MooDcute,  anC)  43  Xltbo.  plates. 


General 

The  Flow  of  Water  under  Pressure. 
General  Observations. 
Waterwheels. 
Turbines. 

Centrifugal  Pumps. 
Water-pressure  Pumps. 
The  Accumulator. 
Hydraulic  Pumping-Engine. 
Three-Cylinder  Engines  and 

Capstans. 
Motors  with  Variable  Power. 
Hydraulic  Presses  and  Lifts. 
Movable  Jigger  Hoist. 
Hydraulic  Waggon  Drop. 
The  Flow  of  Solids. 
Shop  Tools. 
Cranes. 

Hydraulic  Power  applied  to  Bridges. 
Dock- Gate  Machinery. 


Contents. 

Hydraulic  Coal-discharging 

Machines. 
Hydraulic  Machinery  on  board 
Ship. 

Hydraulic  Pile  Driver. 
Hydraulic  Excavator. 
Hydraulic  Drill. 
Hydraulic  Brake. 
Hydraulic  Gun- Carriages. 
Jets. 

Hydraulic  Ram. 
Packing. 

Power  Go-operation. 
Cost  of  Hydraulic  Power. 
Tapping  Pressure  Mains. 
Meters. 

Waste  Water  Meter. 
Pressure  Reducing  Valves. 
Pressure  Regulator. 


"  A  Book  of  great  Professional  Usefulness."— /r<?». 
A  full  Prospectus  of  the  above  important  work— giving  a  description  of  the 
Plates— may  be  had  on  application  to  the  Publishers. 
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SCHWACKHOFER  and  BROWNE: 

FUEL  AND  WATER :  A  Manual  for  Users  of  Steam  and  Water. 
By  Prof.  FRANZ  SCHWACKHOFER  of  Vienna,  and  WALTER 
R.  BROWNE,  M.A.,  C.E.,  late  Fellow  of  Trinity  College,  Cambridge. 
Demy  8vo,  with  Numerous  Illustrations,  9/. 

General  Contents. — Heat  and  Combustion— Fuel,  Varieties  of— Firing  Arrange- 
ments :  Furnace,  Flues,  Chimney  — The  Boiler,  Choice  of— Varieties  —  Feed-water 
Heaters— Steam  Pipes — Water:  Composition,  Purification — Prevention  of  Scale,  &c.,  &c 

"The  Section  on  Heat  is  one  of  the  best  and  most  lucid  ever  v/nttm."— Engineer. 
"Contains  a  vast  amount  of  useful  knowledge.    .    .    .    Cannot  fail  to  be  valuable  to 
thousands  compelled  to  use  steam  power." — Railway  Engineer. 
"  Its  practical  utility  is  beyond  question." — Mining  Jourtial. 

SHELTON-BEY  (W.  Vincent,  Foreman  to  the 

Imperial  Ottoman  Gun  Factories,  Constantinople)  : 

THE  MECHANIC'S  GUIDE :  A  Hand-Book  for  Engineers  and 
Artizans.  With  Copious  Tables  and  Valuable  Recipes  for  Practical  Use. 
Illustrated.    Second  Edition.    Crown  8vo.    Cloth,  7/6. 

General  Contents. — Arithmetic- Geometry — Mensuration — Velocities  in  Boring 
and  Wheel-Gearing— Wheel  and  Screw-Cutting— Miscellaneous  Subjects  and  Useful 
Kecipes— The  Steam  Engine — The  Locomotive— Appendix :  Tables  for  Practical  Use. 

The  Mechanic's  Guide  will  answer  its  purpose  as  completely  as  a  whole  series  of 
elaborate  text-books." — Mining  Jourital. 


WORKS  t)y  Prof.  HUMBOLDT  SEXTON,  F.I.C,  F.C.S.,  RR.S.E., 

Glasgow  atid  IVest  of  Scotland  Technical  College. 


OUTLINES  OF  QUANTITATIVE  ANALYSIS. 

FOR  THE  USE  OF  STUDENTS. 
With  Illustrations.     Third  Edition.    Crown  8vo,  Cloth,  3s. 

"  A  practical  work  by  a  practical  man  .  .  .  will  further  the  attainment  of  accuracy  and 
method."— /<7;ir«rt  if  of  Education. 

"An  admirable  little  volume   .    .    .    well  fulfils  its  purpose." — Schoolmaster. 

"A  compact  laboratory  guide  for  beginners  was  wanted,  and  the  want  has  been  well 
SUPPLIED.    ...    A  good  and  useful  book." — Lancet. 

"  Mr.  Sexton's  book  will  be  welcome  to  rnany  teachers  ;  for  the  processes  are  well  chosen 
the  principle  which  underlies  each  method  is  always  clearly  explained,  and  the  directions 
are  both  simple  and  clear."— Brit.  Med.  Journal. 


By  the  same  Author. 

OUTLINES  OF  QUALITATIVE  ANALYSIS. 

FOR  THE  USE  OF  STUDENTS. 
With  Illustrations.    Third  Edition.    Crown  8vo,  Cloth,  3s.  6d. 

_  "The  work  of  a  thoroughly  practical  chemist  .  .  .  and  one  which  may  be  unhesitat- 
ingly recommended." — British  Medical  Journal. 

"  Compiled  with  great  care,  and  will  supply  a  v/a.nt."—/oumai  0/ Education. 
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Now  Ready,  Tenth  Edition,  Revised  and  Enlarged,  Price  ISs, 

Demy  Svo,  Cloth.    With  Numerous  Illustrations,  reduced  from 
Worhinrj  Drawings. 

A  MANUAL 

OF 

MARINE  ENGINEERING: 

COMPRISING 

THE  DESIGNING,  CONSTRUCTION,  AND  WORKING  OF 
MARINE  MACHINERY. 

By  -a._  e_  SB^Tonsr, 

Lecturer  on  Marine  Engineering  to  the  Royal  Naval  College,  Greenwich;  Member  of  the 
Inst  of  Civil  Engineers;  Member  of  Council  of  the  Inst,  of  i\aval  Architects; 
Member  of  the  Inst,  of  Mech.  Engineer.',  <bc. 


GENERAL  CONTENTS. 


Part  I.— Principles  of  Marine 
Propulsion. 

Part  II. -Principles  of  Steam 
Engineering. 

Part  III.— Details  of  Marine 
Engines:  Design  and  Cal- 
culations  for  Cylinders, 


Pistons,  Valves,  Expansion 
Valves,  &e. 

Part  IV.— Propellers. 

Part  v.— Boilers. 

Part  VI.— Miscellaneous. 


"In  the  three-fold  capacity  of  enabling  a  Student  to  l^ear"  how  to  des^S^.  ^o^'f;;;^^ 
and  worlc  a  modern  ftfarine  Steam-Eng.ne,  Mr  ^;^^}°^,^^J^^I'^^4^?^J'' 
regards  comprehensiveness  of  purpose  and  lucidity  ot  treatment.  —Limes. 

"The  import;.nt  subject  of  Marine  Engineering  is  here  treated  with  the  THOllOUGn- 
NESS  tliat  it  reauires.  No  departmen  has  escaped  attention.  .  .  .  brnes  tne 
results  of  mucn  close  study  and  practical  ^sov\^:'-Englr,ee1  ing.  ,    ,  „ 

Engineer."— ^Wie«cE"m.  ,.        ,  „„^^.t„.„tt7 

"  The  Student,  Draughtsman,  and  Engineer  will  find  this  ^^wk  he  most  ta^^^^^ 
Handbook  of  Reference  on  the  Marine  Engine  now  in  existence,  -iiarinc  hngxnccr. 
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Second  Edition,  Revised  and  Enlarged.  Pocket-Size,  Leather,  also/or  Office  Use,  Cloth,  12i 

BOILERS,  MARINE  AND  LAND; 

THEIR  CONSTRUCTION   AND  STRENGTH. 

A  Handbook  of  Rules,  Formulae,  Tables,  &o.,  eelative  to  Mateelal, 

SCANTLLNGS,  AND  PeESSUEES,  SAFETY  VALVES,  SpELN'GS, 

Fittings  and  Mountings,  &c. 

afor  tbe  Ulee  of  all  SteamsTIlsere. 
By  T.  W.  TEAILL,  M.  Inst.  0.  E.,  F.  E.  R  K, 

Engineer  Survcyor-in-Chief  to  tbe  Board  of  Trade. 


*^*  In  the  New  Issue  tlie  subject-matter  has  been  considerably  extended ; 
Tables  have  been  added  for  Pressures  up  to  200  lbs.  per  square  inch,  and  some 
of  the  Tables  have  been  altered,  besides  which  new  ones  and  other  matter 
have  been  introduced,  which  have  been  specially  prepared  and  computed  for 
the  Second  Edition. 


"Very  unlike  any  of  the  numerous  treatises  on  Boilers  which  have  preceded  it.  .  .  ,  Really 
nseful.  .  .  .  Contains  an  Enormous  Qdantitt  op  I.npormation  arranged  in  a  very  convenient 
form.  .  .  .  Those  who  have  to  design  boilers  will  find  that  they  can  settle  the  dimensions  for  any 
given  pressure  with  almost  no  calculation  with  its  aid.  ...  A  aiosT  useful  volume  ,  .  . 
supplying  information  to  be  had  nowhere  else."— TAc  Engineer. 

"As  a  handbook  of  rules,  formulje,  tables,  &c.,  relating  to  m.aterials,  scantlings,  and  pressures,  this 
work  will  prove  host  useful.   The  name  of  the  Author  is  a  sufficient  guarantee  for  its  accuracy.  It 
will  save  engineers,  inspectors,  and  draughtsmen  a  vast  amount  of  calculatiou." — Kature. 
« 

"Mr.  Traill  has  done  a  very  useful  and  unpretentious  piece  of  work.  Rules  and  tables  are  given  in 
a  way  simple  enough  to  be  intelligible  to  the  most  unscientitic  engineer."— Sadirdai/  Review. 

"  By  such  an  authority  cannot  but  prove  a  welcome  addition  to  the  literature  of  the  subject.  In  the 
hands  of  the  practical  engineer  or  l)oilerniakcr,  its  value  as  a  ready,  reliable,  and  widely  comprehensive 
book  of  reference,  must  prove  almost  inestimable.  .  .  .  Will  rank  high  , as  a  standard  work  on  the 
subject.  We  can  stron'rly  recommend  it  as  being  the  MOST  COJirLETE,  eminently  practical  work  on  the 
subject.  '—Marine  Enqincer. 

"To  the  engineer  and  practical  boiIer-m.aker  it  will  prove  invaluable.  Copious  and  carefully 
worked-out  tables  will  save  much  of  the  calculating  drudgery.  .  .  .  Many  exceedingly  useful  and 
practical  hints  are  given  with  reg^ird  to  the  treatment  of  iron  and  steel,  whicli  are  exceedingly  v.aluable 
and  the  outcome  of  a  wide  experience.  The  tables  in  all  probiibility  are  the  most  exh.austivo  vet 
published.  .  .  .  Certainly  deserves  a  place  on  the  shelf  in  the  drawing  oflice  of  every  boiler  shop ''  — 
Practical  Engineer.  ' 

"We  give  it  a  hearty  welcome.  .  .  .  A  handy  pocket-book.  .  .  .  Our  readers  cannot  do  better 
than  pnrch.ase  a  copy.  .  .  .  Cheap  at  five  times  tbe  price.  The  intelligent  engineer  can  make  a 
sale  investment  that  will  yield  him  a  rich  and  satisfactory  return." — Engineers'  Qazettc. 

"From  the  author's  well-known  character  for  tlioroughneas  and  exactness,  there  is  every  reason  to 
believe  that  the  results  given  in  the  tables  may  be  relied  on.  .  .  .  The  great  experience  of  tlie  author 
in  al  that  relates  to  boiler  construction  constitutes  him  an  .authority  that  no  one  need  be  ashamed  of 
quoting,  and  a  guide  as  safe  as  any  man  in  BrHa.in."—Shipi>ing  JForld. 
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Second  Edition.  With  very  ISrumerous  lUustrations.    Handsome  Cloth,  6a. 
Also  Presentation  Edition,  Gilt  and  Gilt  Edges,  7s.  6d. 

THE  THRESHOLD  OE  SCIENCE: 

A  VARIETY  OF  EXPERIMENTS  (Over  400) 

ILLDSTEATING 

SOME  OF  THE  CHIEF  PHYSICAL  AND  CHEMICAL  PROPERTIES  OF  SURROUNDING  OBJECTS, 
AND  THE  EFFECTS  UPON  THEM  OF  LIGHT  AND  HEAT. 

BY 

C.  K  ALDER  WRIGHT,  D.Sc,  F.R.S., 

Lecturer  on  Chemistry  and  Physics  in  St.  Mary's  Hospital  Medical  School,  London. 


*»*  To  the  New  Edition  has  been  added  an  excellent  chapter  on  the 
Systematic  Order  in  which  Class  Experiments  should  be  carried  out  for 
Educational  purposes.   

"Its  capital  Index,  its  popular  phraseology,  its  range  of  subjects,  and 
numerous  Illustrations,  suggest  three  uses  which  Dr.  Alder  Wright's  Threshold 

o/ -Science  will  serve :—  „     ,  .      .     ■,    i.-    .  i 

"1.  ItisaCAPiTALLiBRAEYBOOKforTeacherspreparingsimpleobject-lessonB. 

"2.  In  the  home  libeart  it  would  be  a  practical  ENCYCLOPiEDiA  of  bcience. 
"3.  Finally,  the  book  is  a  Working  Book;  every  point  taken  up  has  its 
accompanying  experiment— often  a  most  useful  one— of  which  fuU  details  are 

inven." — SclLOolmaster.  ,        ,       ,       .  ,   

"Anyone  who  may  still  have  doubts  regarding  the  value  of  Elementapr 
Science  as  an  organ  of  education  wiU  speedily  have  his  doubts  dispelled,  it  He 
takes  the  trouble  to  understand  the  methods  recommended  by  iJr.  Aiaer 
Writ'ht  The  Additions  to  the  New  Edition  will  be  of  great  service  to  all 
who°wish  to  use  the  volume,  not  merely  as  a  '  play-book,'  but  as  an  instrument 
for  the  TRAINING  of  the  mental  faculties."— „    „  ,  J  rr-  , 

"  A  FIRST-RATE  BOOK  to  place  in  the  hands  of  a  hoy  .'^—Educational  I  imes. 
"  An  ADMIRABLE  COLLECTION  of  Physical  and  Chemical  Experiments  .  .  . 
a  large  proportion  of  these  may  be  performed  at  home  without  any  cosUy 
apparatus." — Journal  of  Education.  _    .       ^    .  .  .  rm,. 

"  The  work  is  quite  as  instructive  as  it  is  entertaining.  .  .  .  xne 
language  throughout  is  clear  and  simple."— ;Sc/tooZ  Guardian.  ,  ,   .  . 

''Will  teach  the  young  experimentalist  to  USE  his  hands,  and  last,  but  not 
least,  to  THINK  FOR  HIMSELF."— //ifZwsfries. 

"  Just  the  kind  of  book  to  add  to  a  school  library."-JIf(incAes«er  Guardian. 
"Dr  Alder  Wright  has  accomplished  a  task  that  will  win  for  him  the 
hearts  of  all  intelligent  youths  with  scientific  leanings. ....  Step  by  step 
the  learner  is  here  gently  guided  through  the  paths  of  science,  ^''^de  easy  by  the 
perfect  knowledge  of  the  teacher,  and  made  flowery  by  the  most  striking  and 
curious  experiments.  Well  adapted  to  become  the  teeasuked  friend  of  many 
a  bright  and  promising  lad  ."—il/aMc/iCi^er  ^^xaminfir.  +i  f,„™„„ 

"  From  the  nature  of  gases  to  the  making  of  soap-bubbles  from  the  freezing 
of  water  to  the  principles  of  '  pin-hole '  photography.  Dr.  Alder  Wright  s  book 
is  an  authority."— iwcJ'pooZ  Mercury. 
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Tenth  Annual  Issue.      Now  Ready. 
THE  OFFICIAL  YEAR-BOOK 

OF  THE 

SCIENTIFIC  AND  LEARNED  SOCIETIES  OF  GREAT 
BRITAIN  AND  IRELAND.    Price  7/6. 

COMPILED  FROM  OFFICIAL  SOURCES. 
Comprising  {together  with  other  Official  Information)  LISTS  of  the 
PAPERS  read  during  1892  before  the  ROYAL  SOCIETIES  of  LONDON 
and  EDINBURGH,  the  ROYAL  DUBLIN  SOCIETY,  the  BRITISH 
ASSOCIATION,  and  all  the  LEADING  SOCIETIES  throughout  the 
Kingdom  engaged  in  the  following  Departments  of  Research  ;— 


§  I.  Science  Generally :  i.e.,  Societies  occupy- 
ing themselves  with  several  Branches  of 
Science,  or  with  Science  and  Literature 
jointly. 

I  2.  Mathematics  and  Physics. 
S  3.  Chemistry  and  Photography. 
S  4.  Geology,  Geography,  and  Mineralogy. 
S  5.  Biology,  including  Microscopy  and  An- 
thropology. 


Economic  Science  and  Statistics. 
Mechanical  Science  and  Architecture. 
Naval  and  Military  Science. 
Agriculture  and  Horticulture. 
Law. 

Medicine. 
Literature. 
§13.  Psychology. 
§  14.  Archaeology. 


§  6. 
5  7- 
§  8. 

I 

S  10. 

5". 

5  12 


"  The  Ykar-Book  of  Sociktibs  is  a  Record  which  ought  to  be  of  the  greatest  use  for 
the  progress  of  Science."— 5»V  Lycn  Play/air,  F.R.S.,  K.C.B.,  M.P.,  Past-President 

at  the  British  Association. 

"  It  goes  almost  without  saying  that  a  Handbook  of  this  subject  will  be  in  tune 
one  of  the  most  generally  useful  works  for  the  library  or  the  desk."— T/;^  Times. 

"  The  Year-Book  of  Societies  meets  an  obvious  want,  and  promises  to  be  a  valuable 
work  of  reference. " — A  thenteum. 

"  The  Year-Book;  of  Scientific  and  Learned  Societies  meets  a  want,  and  is  there- 
fore sure  of  a  welcome." — IVesti'iinster  Revieiv. 

"  In  the  Year-Book  of  Societies  we  have  the  First  Issue  of  what  is,  without  doubt, 
a  very  useful  work." — Spectator. 

"  The  Year-Book  of  Societies  fills  a  very  real  want.  The  volume  will  become  a 
Scientific  Directorj',  chronicling  the  work  and  discoveries  of  the  year,  and  enabling  the  worker 
in  one  branch  to  try  his  hand  in  all  that  interests  him  in  kindred  lines  of  research.  We  tnist 
that  it  will  meet  with  an  encouraging  reception." — Engineering. 


Copies  of  the  First  Issue,  giving  an  Account  of  the  History, 
Organisation,  and  Conditions  of  Membership  of  the  various 
Societies  [with  Appendix  on  the  Leading  Scientific  Societies 
throughout  the  world],  and  forming  the  groundwork  of  the  Series, 
may  still  be  had,  price  7/6.    Also  Copies  of  the  following  Issues. 

The  year-book  of  societies  forms  a  complete  index  to 
THE  scientific  WORK  of  the  year  in  the  various  Departments. 
It  is  used  as  a  ready  Handbook  in  all  our  great  Scientific 
Centres,  Museums,  and  Libraries  throughout  the  Kingdom,  and 
will,  without  doubt,  become  an  indispensable  book  of  reference 
to  every  one  engaged  in  Scientific  Work. 

We  predict  that  the  vf-ar-hook  of  societies  will  speedily  become  one  of  those  Year- 
Books  WHICH  it  would  be  iMPOssiiii.K  TO  DO  WITHOUT." — Bristol  Mercury. 
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Speci?nen  Copies  of  all  the  Educational  Works  published,  by  Messrs. 
Charles  Griffin  and  Company  may  be  seen  at  the  Libraries  of  the  College  of 
Preceptors,  South  Kensington  Museum,  and  Crystal  Palace;  also  at  the  depSts 
of  the  Chief  Educational  Societies. 


Griffin's  Standard  Classical  Works. 


PAGE 

Prehistoric  Antiquities, 

ScHRADER  and  Jevons,  . 

6i 

Greek  Antiquities, 

F.  B.  Jevons,  . 

59 

Roman  Antiquities,  . 

Prof.  Ramsay, 

60 

„  Elementary, 

Prof.  Ramsay, 

60 

Greek  Literature, 
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59 

Roman  Literature, 

Rev,  C.  T.  Cruttwell,  , 
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Greek  Geography  and  My- 
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DoERiNG  and  Graeme, 

58 

Latin  Prosody,  . 

Prof.  Ramsay, 

60 

„  Elementary, 

Prof.  Ramsay, 
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(Illustrated),  . 

Dr.  Bryce, 
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Horace:  Text  and  Notes 

(Illustrated),  . 
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BRYCE  (Archibald  Hamilton,    D.C.L.,  LL.D., 

Senior  Classical  Moderator  in  the  University  of  Dublin)  : 

THE  WORKS  OF  VIRGIL.  Text  from  Heyne  and  Wagner. 
English  Notes,  original,  and  selected  from  the  leading  German  and 
Enghsh  Commentators.  Illustrations  from  the  antique.  Complete  in 
One  Volume.    Fourteenth  Editioti,    Fcap  8vo.    Cloth,  6/. 

Or,  in  Three  Parts  : 

Part    I.  Bucolics  and  Georgics,  .       .  2/6. 

Part  II.  The  ^neid.  Books  I.-VI.,      .  2/6. 

Part  III.  The  ^neid,  Books  VII.-XII., .  2/6. 

"  Contains  the  pith  of  what  has  been  written  by  the  best  scholars  on  the  subject 
.    .    .    The  notes  comprise  everything  that  the  student  can  want." — Athe7icenm. 

"  The  most  complete,  as  well  as  elegant  and  correct  edition  of  Virgil  ever  published  in 
this  country," — Educatzonat  Times. 

"The  best  commentary  on  Virgil  which  a  student  can  obtain." — Scotsman. 

COBBETT  (WilHam):  ENGLISH  GRAMMAR, 

.  in  a  Series  of  Letters,  intended  for  the  use  of  Schools  and  Young  Persons 
in  general.  With  an  additional  chapter  on  Pronunciation,  by  the  Author's 
Son,  James  Paul  Cobbett,  7  he  oftty  correct  and  authorised  Edition, 
Fcap  8vo.    Cloth,  1/6. 

COBBETT  (William):  FRENCH  GRAMMAR. 

Fifteenth  Edition.    Fcap  8vo.    Cloth,  3/6. 

"  Cobbett's  'French  Grammar '  comes  out  with  perennial  freshness.  There  are  few 
grammars  equal  to  it  for  those  who  are  learning,  or  desirous  of  learning,  French  without 
a  teacher.  The  work  is  excellently  arranged,  and  in  the  present  edition  we  note  certain 
careful  and  wise  revisions  of  the  text." — School  Board  Chronicle. 

COBBIN'S  MANGNALL:  MANGNALL'S 

HISTORICAL  AND  MISCELLANEOUS  QUESTIONS,  for  the  use 
of  Young  People.  By  Richmal  Mangnall.  Greatly  enlarged  and 
corrected,  and  continued  to  the  present  time,  by  Ingram  Cobbin,  M.A. 
Fifty -fourth  Thousand,    New  Illustrated  Editioti.    i2mo.    Cloth,  4/. 

COLERIDGE  (Samuel  Taylor):  A  DISSER- 
TATION ON  THE  SCIENCE  OF  METHOD.  {Encyclopadia 
Metropolita?ia.)    With  a  Synopsis.    Ninth  Editioti,    Cr.  8vo.    Cloth,  2/. 

CURRIE     (Joseph,    formerly    Head  Classical 

Master  of  Glasgow  Academy) : 

THE  WORKS  OF  HORACE:   Text  from  Orellius.  English 
Notes,  original,  and  selected  from  the  best  Commentators.  Illustrations 
from  the  antique.    Complete  in  One  Volume.    Fcap  8vo.    Cloth,  5/. 
Or  in  Two  Parts  : 

Part  I.  — Carmina,  3/. 

Part  II. — Satires  and  Epistles,      .      .  3/. 

"The  notes  are  excellent  and  exhaustive." — Quarterly  Journal  of  Education. 
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CRAIK'S  ENGLISH  LITERATURE. 
A   COMPENDIOUS    HISTORY  OF 

ENGLISH  LITERATURE  AND  OF  THE  ENGLISH  LANGUAGE 
FROM  THE  NORMAN  CONQUEST.  With  numerous  Specimens. 
By  George  Lillie  Craik,  LL.D.,  late  Professor  of  History  and 
English  Literature,  Queen's  College,  Belfast.  New  Edition.  la  two 
vols.    Royal  8vo.    Handsomely  bound  in  cloth,  25/. 

GENERAL  CONTENTS. 

Introductory, 

I. — The  Norman  Period — The  Conquest. 
II. — Second  English — Commonly  called  Semi-Saxon, 

III.  — Third  English — Mixed,  or  Compound  English. 

IV.  — Middle  and  Latter  Part  of  the  Seventeenth  Century. 
V. — The  Century  between  the  English  Revolution  and 

the  French  Revolution. 
VI. — The  Latter  Part  of  the  Eighteenth  Century, 
VII. — The  Nineteenth  Century  [a) .  The  Last  Age  of  thk 
Georges,   {b)  The  Victorian  Age, 
With  numerous  Excerpts  and  Specimens  of  Style. 

"  Anyone  who  will  take  the  trouble  to  ascertain  the  fact,  will  find  how  completely 
even  our  great  poets  and  other  writers  of  the  last  generation  have  already  faded  from  the 
view  of  the  present,  with  the  most  numerous  class  of  the  educated  and  reading  pubUc. 
Scarcely  anything  is  generally  read  except  the  publications  of  the  day.    Yet  nothing 

IS  MORE  CERTAIN  THAN  THAT  NO  TRUE  CULTIVATION  CAN  BE  SO  ACQUIRED.     This_  IS 

the  extreme  case  of  that  entire  ignorance  of  history  which  has  been  affirmed,  not  with 
more  point  than  truth,  to  leave  a  person  always  a  child.  .  .  .  The  present  work 
combines  the  History  of  the  Literature  with  the  History  of  the  Language. 
The  scheme  of  the  course  and  revolutions  of  the  language  which  is  followed  here  is 
extremely  simple,  and  resting  not  upon  arbitrary,  but  upon  natural  or  real  distinctions, 
gives  us  the  only  view  of  the  subject  that  can  claim  to  be  regarded  as  of  a  scientific 
character." — Extract  from  the  Author  i  Preface.  ^ 

"  Professor  Craik  has  succeeded  in  making  a  book  more  than  usually  agreeable.  — 
TAe  Times- 

Crown  8vo.    Cloth,  7/6.    Tenth  Edition. 

A  MANUAL  OF  ENGLISH  LITERATURE, 

for  the  use  of  Colleges,  Schools,  and  Civil  Service  Examinations. 
Selected  from  the  larger  work,  by  Dr.  Craik,  Tenth  Edition.  With 
an  Additional  Section  on  Recent  Literature,  by  Henry  Craik,  M.A., 
Author  of  "  A  Life  of  Swift." 

"A  Manual  of  English  Literature  from  so  experienced  and  well-read  a  scholar 
Professor  Craik  needs  no  other  recommendation  than  the  mention  of  its  existence. 

'^''*"'Th'l^''augmented  effort  will,  we  doubt  not,  be  received  with  decided  approbation 
by  those  who  are  entitled  to  judge,  and  studied  with  much  profit  bv  those  who  w.-mt 
to  learn.  ...  If  our  young  readers  will  give  healthy  perusal  to  Dr.  Lraik  s  worlc, 
they  will  greatly  benefit  by  the  wide  and  sound  views  he  has  placed  belore  them.  — 

'^''^The  "preparation  of  the  New  Issue  has  been  entrusted  to  Mr.  Henry  Craik, 
Secretary  to  the  Scotch  Education  Department,  and  well  known  in  literary  circles 
as  the  aiithor  of  the  latest  and  best  Life  of  Swift.  ...  A  Series  of  1  est  ,9^"^ 
is  added,  which  must  prove  of  great  service  to  Students  studymg  aloue.  -OlaS£Vw 
Htrald. 
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WORKS  BY  REV.  C.  T.  CRUTTWELL,  M.A., 

Late  Fellow  of  Merton  College,  Oxford. 


A  HISTORY  OF  ROMAN  LITERATURE: 

From  the  Earliest  Period  to  the  Times  of  the  Antonines. 

Fifth  Edition.    Crown  8vo.    Cloth,  8/6. 

"  Mr.  Cruttwell  has  done  a  real  service  to  all  Students  of  the  Latin  Language  and 
Literature.    .    .    .    Full  of  good  scholarship  and  good  criticism."— 

"A  most  serviceable— indeed,  indispensable — guide  for  the  Student.  .  .  .  The 
'general  reader'  will  be  both  charmed  and  instructed." — Saturday  Review. 

"  The  Author  undertakes  to  make  Latin  Literature  interesting,  and  he  has  succeeded. 
There  is  not  a  dull  page  in  the  volume." — Academy. 

"  The  great  merit  of  the  work  is  its  fulness  and  accuracy." — Guardian. 

"This  elaborate  and  careful  work,  in  every  respect  of  high  merit.  Nothing  at  all  equal 
to  it  has  hitherto  been  published  in  England." — British  Quarterly  Review. 


Companion  Volume.    Second  Edition, 

SPECIMENS  OF  ROMAN  LITERATURE: 

Ppom  the  Earliest  Period  to  the  Times  of  the  Antonines. 

Passages  from  the  Works  of  Latin  Authors,  Prose  Writers,  and  Poets  : 

Part  I. — Roman  Thought  :  Religion,  Philosophy  and  Science,  Art 
and  Letters,  6/. 

Part  II.  —  Roman  Style  :  Descriptive,   Rhetorical,   and  Humorous 
Passages,  5/. 

Or  in  One  Volume  complete,  10/6. 

Edited  by  C.  T.  Cruttwell,  M.A.,  Merton  College,  Oxford;  and 
Peake  Banton,  M.  a.,  some  time  Scholar  of  Jesus  College,  Oxford. 

"'Specimens  of  Roman  Literature'  marks  a  new  era  in  the  study  of  Latin." — Eng- 
lish Churchman. 

"A  work  which  is  not  only  useful  but  necessary.  .  .  The  plan  gives  it  a  standing- 
ground  of  its  own.  .  .  .  'The  sound  judgment  exercised  in  plan  and  selection  calls  for 
hearty  commendation." — Saturday  Review. 

"  It  is  hard  to  conceive  a  completer  or  handier  repertory  ot  specimens  of  L,atin 
thought  and  style." — Contemporary  Review. 

*,*  KEY  to  Part  II.,  Period  11.  (being  a  complete  Translation  of 
the  85  Passages  composing  the  Section),  by  Thos.  Johnston,  M.A.,  may 
now  be  had  (by  Tutors  and  Schoolmasters  only)  on  application  to  the 
Publishers.    Price  2/6. 


A  HISTORY  OF  EARLY  CHRISTIAN  LITERATURE: 

For  the  use  of  Students  and  General  Readers. 

8vo,  Handsome  Cloth.  [/«  Preparation, 
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HELLAS; 

AN  INTRODUCTION  TO  GREEK  ANTIQUITIES, 

Comprising  the  Geography,  Religion  and  H/lyths,  History,  Art  and  Culture 

of  old  Greece. 

On  the  Basis  of  the  German  Work  by  E.  DOERING, 
With  Additions  by  ELLIOTT  GRiEME. 

In  Large  8vo,  with  Map  and  Illustrations, 

PART  I. 

The  Land  and  the  People :  the  Religion  and  Myths  of  Old  Greece. 

*,*  In  the  English  version  of  Mr.  Doering's  work,  the  simple  and  interesting  style  of  the 
original — written  for  young  Students — has  been  retained  ;  but,  throughout,  such  additions 
and  emendations  ?iave  been  made  as  render  the  work  suitable  for  more  advanced  Students, 
and  for  all  who  desire  to  obtain,  within  moderate  compass,  more  than  a  superficial  acquaintance 
with  the  great  People  whose  genius  and  culture  have  so  largely  jnfluenced  our  own.  The 
results  of  the  latest  researches  by  Dr.  Schliemann,  MM.  Fouque,  Carapanos,  and  others, 
are  incorporated.  [Shortly. 


D'ORSEY    (Rev.    Alex.    J.    D.,    B.D.,  Corpus 

Christi  Coll.,  Cambridge,  Lecturer  at  King's  College,  London) : 

SPELLING  BY  DICTATION:  Progi-essive  Exercises  in  English 
Orthography,  for  Schools  and  Civil  Service  Examinations.  Sixteenth 
Thousand.    i8mo.    Cloth,  i/. 

FLEMING   (William,    D.D.,   late   Professor  of 

Moral  Philosophy  in  the  University  of  Glasgow) : 

THE  VOCABULARY  OF  PHILOSOPHY:  Psychological, 
Ethical,  and  Metaphysical.  With  Quotations  and  References  for  the 
Use  of  Students.  Revised  and  Edited  by  Henry  Calderwood,  LL.D., 
Professor  of  Moral  Philosophy  in  ihe  University  of  Edinburgh.  Fourth 
Edition,  enlarged.    Crown  8vo.    Cloth,  10/6. 

"  The  additions  by  the  Editor  bear  in  their  clear,  concise,  vigorous  expression,  the 
stamp  of  his  powerful  intellect,  and  thorough  command  of  our  language.  More  than 
ever,  the  work  is  now  likely  to  have  a  prolonged  and  useful  existence,  and  to  facilitate 
the  researches  of  those  entering  upon  philosophic  studies."— W^fX-Zy  Revirui. 

JAMES  (W.  Powell,  M.A.): 

FROM  SOURCE  TO  SEA  :  or.  Gleanings  about  Rivers  from  many 
Fields.    A  Chapter  in  Physical  Geography.    Cloth  elegant,  3/6. 

"Excellent  reading   ...   a  book  of  popular  science  which  deserves  an  extensive 
circulation." — Saturday  Review. 
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WORKS  BY  F.  B.  JEVONS,  M.A. 

Now  Ready.  Second  Edition,  Revised.  Crown  8vo,  Cloth,  8s.  6d. 

A  HISTORY  OF  GREEK  LITERATURE. 

From  the  Earliest  Period  to  tfie  Death  of  Demosthenes. 
By  frank  BYRON  JEVONS,  M.A., 

Tutor  in  the  University  of  Durham. 

Part  I.— Epic,  Lyric,  and  the  Drama. 
Part  II.— History,  Oratory,  and  Pliilosophy. 

Second  Edition.    With  Appendix  on  the  Present  State  of  the  Homei-ic 
Question  and  Examination- Questions  for  the  Use  of  Students. 

"  It  is  beyond  all  question  the  best  history  of  Greek  literature  that  has  hitherto  been 
published. " — Spectator. 

"An  admirable  text-book." — Westminster  Tteview. 

"  Mr.  Jevons'  work  supplies  a  real  want."—  Contemporary  Review. 

"Mr.  Jevons'  work  is  distinguished  by  the  Author's  thorough  acquaintance  with  tub 
OLD  writers,  and  his  discriminating  use  of  the  modern  literature  bearing  upon  the 
subject.  .  .  .  His  great  merit  lies  in  his  excellent  exposition  of  the  political  and 
social  causes  concerned  in  the  development  of  the  Literature  of  Greece." — Berlin  Philolo- 
giscke  Wochemchrift. 

"  As  a  Text-Book,  Mr.  Jevons'  work  from  its  excellence  deserves  to  serve  as  A  model." 
— Deutsche  Litteraturzeitung: 


THE  DEVELOPMENT  OF  THE  ATHEHIAN  DEMOCRACY. 

Crown  8vo,  is. 


A  MANUAL  OF  GREEK  ANTIQUITIES. 

FOR  THE  USE  OP  STUDENTS. 

"Mltb  .flftaps  an5  naumcrous  Jllustcations. 

[/«  r rcparalion, 

PREHISTORIC  ANTIQUITIES  OF  THE  ARYAN  PEOPLES, 

Translated  from  the  German  of  DR.  O.  SCIiRADER  by  F.  B.  JEVONS,  M.A. 
(See  page  6i,  under  Schrader.) 
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McBURNEY    (Isaiah,    LL.D.,) :  EXTRACTS 

FROM  OVID'S  METAMORPHOSES.  With  Notes,  Vocabulary,  &c 
Adapted  for  Young  Scholars.    Third  Edition,    i8mo.    Cloth,  i/6. 

MENTAL  SCIENCE:  S.  T.  COLERIDGE'S 

celebrated  Essay  on  METHOD  ;  Archbishop  Whately's  Treatises  on 
Logic  and  Rhetoric.    Tenth  Edition.    Crown  8vo.    Cloth,  5/. 

MILLER  (W.  Galbraith,  M.A.,  LL.B.,  Lecturer 

on  Public  Law,  including  Jurisprudence  and  International  Law,  in  the 
University  of  Glasgow)  : 

THE  PHILOSOPHY  OF  LAW,  LECTURES  ON.  Designed 
mainly  as  an  Introduction  to  the  Study  of  International  Law.  In  8vo. 
Handsome  Cloth,  12/.    Now  Ready. 

"Mr   Miller's  'Philosophy  of  Law'  bears  upon  it  the  stamp  of  a  wide  culture 
and  of  an  easy  acquaintanceship  with  what  is  best  in  modern  continental  speculation. 
Interesting  and  valuable,  because  snggsHiwe.."— Journal  of  Juruprudence. 


WORKS  BY  WILLIAM  RAMSAY,  M.A„ 

Trinity  College,  Cambridge,  late  Professor  of  Humanity  in  the  University  of  Glasgow. 


A  MANUAL  OF  ROMAN  ANTIQUITIES. 

For  the  use  of  Advanced  Students.  With  Map,  130  Engravings,  and  very 
copious  Index.    Fourteenth  Edition.    Crown  8vo.    Cloth,  8/6. 

"  Comprises  all  the  results  of  modem  improved  scholarship  within  a  moderate  com- 
pass."— Athenxum. 

 AN    ELEMENTARY  MANUAL  OF 

ROMAN  ANTIQUITIES.  Adapted  for  Junior  Classes.  With  numerous 
Illustrations.    Eighth  Edition.    Crown  Svo.    Cloth,  4/. 

 A  MANUAL  OF  LATIN  PROSODY, 

Illustrated  by  Copious  Examples  and  Critical  Remarks.    For  the  use 
of  Advanced  Students.    Seventh  Edinon.    Crown  Svo.    Cloth,  S/. 
"  There  is  no  other  work  on  the  subject  worthy  to  compete  with  it."— Athenaum. 

  AN   ELEMENTARY  MANUAL  OF 

LATIN  PROSODY.  Adapted  for  Junior  Classes.  Crown  Svo.  Cloth,  2s. 
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EDUCATIONAL  WORKS.  6i 
In  Lai-ge  8vo,  Handsome  Cloth,  Gilt  Top,  21s. 

PREHISTORIC  ANTIQUITIES 

OF  THE  ARYAN  PEOPLES, 

A  Manual  of  Comparative  Philology  and  the  Earliest  Culture. 
Being  the  Sprachverglcichunri  und  Urgesckichte  of 
Dr.   O.  SCHiRADER. 

Translated  from  the  Second  Gekman  Edition  by 
E.   B.   JEVONS,  M.A. 


In  Dr.  Scheader's  great  work  is  presented  to  the  reader  a  most  able 
and  judicious  summary  of  all  recent  researches  into  the  Origin  and  History 
of  those  Peoples,  Ancient  and  Modern,  to  whom  has  been  mainly  entrusted 
the  civilisation  and  culture  of  the  world. 

Dr.  Schrader's  pictures  of  the  Primeval  Indo-European  Period  in  all  ita 
most  important  phases — The  Animal  Kingdom,  Cattle,  The  Plant-World, 
Agriculture,  Computation  of  Time,  Food  and  Drink,  Clothing,  Dwellings, 
Traffic  and  Trade,  The  Cultui-e  of  the  Indo-Europeans,  and  The  Prehistoric 
Monuments  of  Europe  (especially  the  Swiss  Lake-Dwellings),  Family  and 
State,  Pveligion,  The  Original  Home— will  be  found  not  only  of  exceeding 
interest  in  themselves,  but  of  great  value  to  the  Student  of  History,  as 
throwing  light  upon  later  developments. 

Part    I.— History  of  Linguistic  Paleontology. 
Part  II. — Research  by  means  of  Language  and  History. 
Part  III. — The  First  Appearance  op  the  Metals. 
Part  IV. — The  Primeval  Period. 


''  Dr.  Schrader's  great  work."— r/mss. 
.  ''Mr.  Jevons  has  done  his  work  excellently,  and  Dr.  Schrader's  book  is  a  model  of 
industry,  erudition,  patience,  and,  what  is  rarest  of  all  in  these  obscure  studies,  of 
moderation  and  common  ssnse."— Saturday  Review. 

'Ably  translated  by  that  well-known  scholar  Mr.  Jevons,  will  be  found  the  best 
COMPENDIUM  01  the  last  thirty  years'  reseaicb  into  the  earlv  history  and  speecli  of  the 
Aryan  race.  .  .  .  Interesting  from  beginning  to  e.-i^d:'— Manchester  Guardian 
.  comparison  with  the  First,  the  Second  Kdition  has  gained  Kreatiy— not  merely 
in  point  ot  size,  but  of  worth.  We  are  convinced  that  the  success  which  it  deserves 
must  attend,  m  its  new  form,  a  book  so  interesting  and  stimulating."— i/tterariscAM 
Oentralblaii, 

''  When  a  book  like  this  reaches  a  Second  Edition,  we  have  in  the  fact  a  proof  that 
It  has,  in  a  happy  way,  solved  the  problem  how  to  rouse  the  sympathy  of  the  reader 
— AUgemeine  Zeiiung. 

every  respect  may  be  described  as  of  conspicuous  excellence  " 
—B(.ru)gm(ann)—LiUerarisches  CentralUatt. 

I  must  confess  that,  for  lonp,  I  have  read  no  work  which  has  roused  in  me  so  livelv 
an  interest  as  Dr.  Schradkr's.  Here  all  is  FRESH,  living  insight^  and  solid 
well-balanced  reasoning."- JF,7ft.  Geiger-DeutscheLitteralur-citun^^^ 
SprLltlnX/r'''^  l.OOK."-«(«.>./:«0-Z.^^.c/u-,/./«,.  rm>cerJs,cnologie  una 
"One  of  the  best  works  published  of  late  year?.  .  .  .  Everyone  who  for  anv 
reason  whatsoever,  is  interested  in  the  beginnings  of  Kuropean  CWilisatiOT-uid  Jnd^Z 

shelves.  The  work  addresses  itselt  to  the  general  reader  as  well  aa  to  the  lean led™- 
Ousiav  Meyer— Philologische  Wochenschrifl.  leamea. 
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CHARLES  ORIFFIN  ds  GO. '8  PUBLICATIONS. 


SENIOR  (Nassau  William,  M.A.,  late  Professor 

of  Political  Economy  in  the  University  of  Oxford) : 

A'  TREATISE  ON  POLITICAL  ECONOMY.    Sixi/i  Edition. 
Crown  8vo.    Cloth,    {Encyclopcsdia  MetroJ)olitana),  4/. 

THOMSON  (James):  THE  SEASONS.  With 

an  Introduction  and  Notes  by  Robert  Bell,  Editor  of  the  "Aimotated 
Series  of  British  Poets."   Fourth  Edition.    Fcap  8vo.    Cloth,  1/6. 
"An  admirable  introduction  to  the  study  of  our  English  classics."  ; 

WHATELY  (Archbishop):  LOGIC— A  Treatise 

on.    With  Synopsis  and  Index.    {Encydopcedia  MetrcpoUiana),  3/. 

 RHETORIC— A   Treatise  on.  With 

Synopsis  and  Index.    {^Encyclopedia  Metropolitana),  3/6. 


WORKS  IN  GENERAL  LITERATURE. 


BELL  (Robert,  Editor  of  the  "Annotated  Series  of 

British  Poets  ") : 

GOLDEN  LEAVES  FROM  THE  WORKS  OF  THE  POETS 
AND  PAINTERS.  Illustrated  by  Sixty-four  superb  Engravings  on 
steel,  after  Paintings  by  David  Roberts,  Stanfield,  Leslie,  Sto- 
thard, Haydon,  Cattermole,  Nasmyth,  Sir  Thomas  Lawrence, 
and  many  others,  and  engraved  in  the  first  style  of  Art  by  Finden, 
Greatbach,  Lightfoot,  &c.    Second  Edition.    4to.    Cloth  gilt,  21/. 


"  'Golden  Leaves'  is  by  far  the  most  important  book  of  the  season.  The  Illustrations 
are  really  works  of  art,  and  the  volume  does  credit  to  the  arts  of  England.  —Saturday 
Review. 

"The  Poems  arc  selected  with  taste  and yudgment."— Times. 

"The  engravings  are  from  drawings  by  Stothard,  Newton,  Danby,  Leslie,  and 
Turner,  and  it  is  needless  to  say  how  charming  are  many  of  the  above  here  given.  — 


At/ienteum. 
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THE  WORKS  OF  WILLIAM  COBBETT. 
THE  ONLY  AUTHORISED  EDITIONS. 

COBBETT  (William)  :  ADVICE  TO  YOUNG 

Men  and  (incidentally)  to  Young  Women.  New  Edition.  With  admir- 
able Portrait  on  Steel.    Fcap  8vo.    Cloth,  2/6. 

  COTTAGE  ECONOMY. 

Eighteenth  Edition,  revised  by  the  Author's  Son.    Fcap  Svo.    Cloth,  2/6. 

 EDUCATIONAL  WORKS. 

(See  page  25.) 

 A    LEGACY    TO  LABOURERS. 

With  a  Preface  by  the  Author's  Son,  John  M.  Cobbett,  late  M.P.  for 
Oldham.    New  Edition.    Fcap  Svo.    Cloth,  1/6. 

 A   LEGACY    TO  PARSONS. 

New  Edition.    Fcap  Svo.    Cloth,  1/6. 

GILMER'S  INTEREST  TABLES;  Tables  for 

Calculation  of  Interest,  on  any  sum,  for  any  number  of  days,  at  I, 
i^,  2,  2^2,  3,  3K)  4>  4K>  5  ^"^^  6  per  Cent.  By  Robert  Gilmer, 
Corrected  and  enlarged.    Eleventh  Edition.    i2mo.    Cloth,  5/, 

GRAEME  (Elliott)  :  BEETHOVEN  :   a  Memoir. 

With  Portrait,  Essay,  and  Remarks  on  the  Pianoforte  Sonatas,  with 
Hints  to  Students,  by  Dr.  Ferdinand  Hiller,  of  Cologne.  Third 
Edition.    Crown  Svo.    Cloth  gilt,  elegant,  5/. 

"This  elegant  and  interesting  Memoir.  .  _  .  .  The  newest,  prettiest,  and  naost 
readable  sketch  of  the  immortal  Master  of  Music." — Musical  Standard. 

"A  gracious  and  pleasant  Memorial  of  the  Centenary." — Spectator. 

"This  delightful  little  book  —  concise,  sympathetic,  judicious."  —  Manchester 
Examiner. 

"We  can,  without  reservation,  recommend  it  as  the  most  trustworthy  and  the 
pleasantest  Memoir  of  Beethoven  published  in  England." — Observer. 

"A  most  readable  volume,  which  ought  to  find  a  place  in  the  library  of  every 
admirer  of  the  great  Tone-Poet." — Edinburgh  Daily  Review. 

 A  NOVEL  WITH   TWO  HEROES. 

Second  Edition.    In  2  vols.    Post  Svo.    Cloth,  21/. 

"  A  decided  literary  success."— /I //i«;«r;<7«. 

"  Clever  and  amusing  .  .  .  above  the  average  even  of  good  novels  .  .  .  free 
from  sensationalism,  but  full  of  interest  .  .  .  touches  the  deeper  chords  of  life 
.    .    .    delineation  of  character  remarkably  good." — Spectator. 

"  Superior  in  all  respects  to  the  common  run  of  novels." — Daily  Ne^vs. 

"A  story  of  deep  interest.  .  .  .  The  dramatic  scenes  are  powerful  almost  to  pain- 
fulness  in  their  intensity."— .Sco/JOTaM. 
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CHARLES  ORIFFIN  <b  CO.S  PUBLICATIONS. 


THE  EMERALD  SERIES  OF  POETS. 

Illustrated  by  Engravings  on  Steel,  after  Stothard,  Leslie,  David 
Roberts,  Stanfield,  Sir  Thomas  Lawrence,  Cattermole,  &c. 
Fcap  8vo.    Cloth,  gilt. 

Particular  attention  is  requested  to  this  very  beautiful  series.  The  delicacy  of  the 
engravings,  the  excellence  of  the  typography,  and  the  quaint  antique  head  and  tail 
pieces,  render  them  the  most  beautiful  volumes  ever  issued  from  the  press  of  this 
country,  and  now,  unquestionably,  the  cheapest  of  their  class. 

BYRON  (Lord):  CHILDE  HAROLD'S  PIL- 

GRIMAGE.  With  Memoir  by  Professor  Spalding.  Illustrated  with 
Portrait  and  Engravings  on  Steel,  by  Greatbach,  Miller,  Lightfoot, 
&c.,  from  Paintings  by  Cattermole,  Sir  T.  Lawrence,  H.  Howard, 
and  Stothard,  Beautifully  printed  on  toned  paper.  Third  Thousand, 
Cloth,  gilt  edges,  3/. 

CAMPBELL  (Thomas):  THE  PLEASURES 

OF  HOPE.  With  Introductory  Memoir  by  the  Rev.  Charles  Rogers, 
LL.D.,  and  several  Poems  never  before  published.  Illustrated  with  Por- 
trait and  Steel  Engravings.    Second  Thousaftd,    Cloth,  gilt  edges,  3/. 

CHATTERTON'S   (Thomas)  POETICAL 

WORKS.  With  an  Original  Memoir  by  Frederick  Martin,  and 
Portrait.  Beautifully  illustrated  on  Steel,  and  elegantly  printed.  Fourth 
Thousand.    Cloth,  gilt  edges,  3/. 

GOLDSMITH'S  (Oliver)  POETICAL  WORKS. 

With  Memoir  by  Professor  Spalding.  Exquisitely  illustrated  with  Steel 
Engravings.  New  Edition.  Printed  on  superior  toned  paper.  Seventh 
Thousand.    Cloth,  gilt  edges,  3/. 

Eton  Edition,  with  the  Latin  Poems,    Sixth  Thousand. 

GRAY'S  (Thomas)  POETICAL  WORKS.  With 

Life  by  the  Rev.  John  Mitford,  and  Essay  by  the  Earl  of  Carlisle. 
With  Portrait  and  numerous  Engravings  on  Steel  and  Wood.  Elegantly 
printed  on  toned  paper.    Cloth,  gilt  edges,  5/. 

HERBERT'S  (George)  POETICAL  WORKS. 

With  Memoir  by  J.  Nichol,  B.A.,  Oxon,  Prof,  of  English  Literature  in 
the  University  of  Glasgow.  Edited  by  Charles  Cowden  Clarke. 
Antique  headings  to  each  page.    Second  Thousand,    Cloth,  gilt  edges,  3/. 

KEBLE    (Rev.    John):   THE  CHRISTIAN 

YEAR.  With  Memoir  by  W.  Temple,  Portrait,  and  Eight  beautiful 
Engravings  on  Steel.    New  Edition. 

Cloth,  gilt  edges,       .       .       .       •  $/• 

POE'S  (Edgar  Allan)  COMPLETE  POETICAL 

WORKS.  Edited,  with  Memoir,  by  James  Hannay.  Full-page  UIus- 
trationsafterWEHNERT,  Weir,  &C.  Toned  paper.  Thirteenth  Thousand. 
Cloth,  gilt  edges,  3/. 
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MACKEY'S  FREEMASONRY: 

A  LEXICON  OF  FREEMASONRY.  Containing  a  definition  of  its 
Communicable  Terms,  Notices  of  its  History,  Traditions,  and  Antiquities, 
and  an  Account  of  all  the  Rites  and  Mysteries  of  the  Ancient  World.  By 
Albert  G.  Mackey,  M.D.,  Secretary-General  of  the  Supreme  Council 
of  the  U.S.,  &c.  Eis:hth  Edition,  thoroughly  revised  with  Appendix  by 
Michael  C.  Peck,  Prov.  Grand  Secretary  for  N.  and  E.  Yorkshire.  Hand- 
somely bound  in  cloth,  6/. 

"  Of  Mackey's  Lexicon  it  would  be  impossible  to  speak  in  too  high  terms  ;  suffice  it 
to  say,  that,  in  our  opinion,  it  ought  to  be  in  the  hands  of  every  Mason  who  would 
thoroughly  understand  and  master  our  noble  Science.  .  .  .  No  Masonic  Lodge  or 
Library  should  be  without  a  copy  of  this  most  useful  work." — Masonic  News. 


HENRY  MAYHEW'S  CELEBRATED  WORK  ON 
THE  STREET-FOLK  OF  LONDON. 

LONDON  LABOUR  AND  THE  LONDON 

POOR  :  A  Cyclopsedia  of  the  Condition  and  Earnings  of  those  that  wiU 
work  and  those  that  cannot  work.  By  Henry  Mayhew.  With  many 
full-page  Illustrations  from  Photographs.  In  three  vols.  Demy  8vo. 
Cloth.    Each  vol.  4/6. 

"Every  page  of  the  work  is  full  of  valuable  information,  laid  down  in  so  interesting  a 
manner  that  the  reader  can  never  tire." — Ittusirated  London  Scivs. 

"  Mr.  Henry  Mayhew's  (amous  record  of  the  habits,  earmngs,  and  sufferings  of  the 
Londori  poor." — Lloyd's  IVeekly  London  Neu,spaper. 

.  ".  "^^'^  remarkable  book,  in  which  Mr.  Mayhew  gave  the  better  classes  their  first  real 
msight  into  the  habits,  modes  of  UveUhood,  and  current  of  thought  of  the  London 
poor." — TAj:  Patriot. 

The  Extra  Volume. 

LONDON  LABOUR  AND  THE  LONDON 

POOR  :  Those  that  will  not  work.  Comprising  the  Non-workers,  by 
Henry  Mayhew  ;  Prostitutes,  by  Bracebridge  Hemyng;  Thieves, 
by  John  Binny  ;  Beggars,  by  Andrew  Halliday.  With  an'  Intro- 
ductory Essay  on  the  Agencies  at  Present  in  Operation  in  the  Metropolis 
for  the  Suppression  of  Crime  and  Vice,  by  the  Rev.  William  Tuckniss, 
B.A.,  Chaplain  to  the  Society  for  the  Rescue  of  Young  Women  and 
Children.  With  Illustrations  of  Scenes  and  Localities.  In  one  larEre 
vol.    Royal  8vo.    Cloth,  10/6.  ^ 

jTv,^^  ^wt^  °!„'"teresting  matter  for  the  casual  reader,  while  the  philanthropist 

and  the  phdosopher  will  find  detads  of  the  greatest  import."— CzVj/  Press. 

Cotnpanion  volume  to  the  preceding. 

THE  CRIMINAL  PRISONS  OF  LONDON 

and  Scenes  of  Prison  Life.  By  Henry  Mayhew  and  John  Einny  Illus- 
trated by  nearly  two  hundred  Engravings  on  Wood,  princ.ipaU'y  from 
Photographs.    In  one  large  vol.    Imperial  8vo.    Cloth,  10/6 

This  volume  concludes  Mr.  Henry  Mayhew's  account  of  his  rese.arches  into  the 
cnme  and  poverty  of  London.    The  amount  of  labour  of  one  kind  or  other,  wWch  he 
.  °f  his  pubhcal.ons  represents,  is  something  almost  incalculable. 

•  {"'S  celebrated  Record  of  Investigations  into  the  condition  of  the  Poor  of  (h,. 
Metropohs  undertaken  from  philanthropic  motwes  by  Mr.  Henry  rLvhew  first  gave  he 
wealthier  classes  of  England  some  idea  of  the  state  of  HMthonl«m  n,.„J  j„.-  f  .c^ 

in  which  multitudes  of  fheir  poorer  brethren  l^gilshed  *  ^"-2"'!='''°".  =""1 
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FIRST  SER'ES— THIRTY-FIFTH  EDITION. 
SECOND  SERIES-NINTH  EDITION. 

MANY  TH0UGHTS"0F  MANY  MINDS: 

A  TreasTiry  of  Beferenoe,  oonBistmg  of  Seleotioni  firom  the  Writing!  of  the  moit 
QsLeWaxa.)  Authors.   FIRST  ASD  8E00ND  SEMES.  Oompiled  and  AnftlTtloallj  kmagtt 

By  HENRY  SOUTHGATE. 

Each  Series  is  complete  in  itself,  and  sold  separately. 

Presentation  Edition,  Cloth  and  Gold      ...  12/6  each  volume. 
Library  Edition,  Half  Bound,  Roxburghe...  14/-  „ 
Do.,  Morocco  Antique   21/-  „ 

In  Squar  i  Svo,  elegantly  printed  on  toned  paper. 


"■'SlAlTT  THODBHiPB,' ins.,  »re  OTldantiy  the 
prodnoe  of  years  of  reaoarch." — Examiner. 

"  Many  beautiful  exaraples  of  thought  and  style 
■re  to  be  fomnd  among;  the  scleotionx."— iW«r . 

"  There  can  be  UtUe  doabt  that  it  is  destined  to 
take  a  high  place  omonf  books  of  this  olaos."— 
Jfolet  and  Quiriet.  .    •  _i_ 

"  A  tret^ure  to  rrery  reader  who  may  be  f  ortn- 
nate  enongh  to  poesM  it^  Its  portwal  is  like  in- 
haling essences  ;  -we  have  the  cream  only  of  the 
great  anthora  qooted.  Here  all  are  aosds  or  gecna. " 
—Englith  JovnuU  of  Education. 

"  Mr.  Sonthgate's  reading  -mil  be  foond  to  ex- 
tend oyer  nearly  the  whole  known  fleW  of  lltera- 
tnre,  ancient  and  modeini."—Oenaeman't  linga- 

"  We  have  no  hesitation  In  prnnonnclng  It  one 
of  the  most  important  books  of  the  seMon.  Credit 
li  dtie  to  the  pnbliBhm  for  the  elegaooe  with 
wUloh  the  work  is  got  np,  and  for  the  extreme 
beunty  and  correctneea  of  the  typography. "— 
Uuming  Chronicle. 

"  Of  the  nnniCT-oas  volumes  of  the  kind,  we  do 
not  remember  having  met  with  one  in  which  the 
lel&Jtion  was  more  judicious,  or  the  accumulation 
treasnreeeo  truly  wonderful.  "-i^onMj«/  HaraU. 
"  The  selection  of  the  extracts  has  been  made 
with  taste,  jadement,  and  orltioal  nicety."— 
Homing  PttL  . 

"  This  is  a  wondroos  book,  and  contains  a  great 
jniuiy  gems  of  thought." — DmUv  yevi. 

"  As  a  work  of  rrfereaoe,  it  will  be  an  aoquW- 
tlou  to  any  man's  library."— /V>lU/Mr/'  O""^- 
"This  volume  contains  more  gems  of  thought, 
refined  senttmetiti, noble  axioms,  and  eitrwHable 
geiiconces,  than  have  ever  before  been  brought  to- 
g4t(ier  in  our  language,"— TVw  FiM. 

'■  All  that  the  poet  him  ilRscriboii  of  the  baaattfal 
In  nature  and  art,  aU  the  axioms  ot  experi««oe, 
«le  collected  wii«io«i  of  philoeopherr  an*  sage,  are 
B»>-aorod  into  on*  heap  ol  useful  and  weU-«»T»»««d 
tauDruction  and  ariiusement." — The  Era. 

"  The  oollection  will  Drove  a  mine  rich  B«d  ia- 
eachausMble,  to  '.hoee  In  leeroh  a1  a  qaolatlon."— 
Jrt  JotrxaL 


"Will  be  fooad  te  be  worth  Its  woieht  ta  gold 
by  literary  mea." — I%e  BuiUtr. 

"  Bwy  page  is  laden  with  the  wealth  of  taro- 
tonndea*  tfaooght,  and  all  aglow  with  the  loftteet 
Isaiiirations  of  gseiin.'' — 8Ur. 

"The  work  of  Kr.  Boathgate  far  ontatrlps  all 
•then  of  tia  kind.  To  the  clergyman,  Um  aothor, 
tha  artist,  and  the  emayl^  'Uany  Thooghta  of 
U&ny  Kinds '  oanaot  fall  to  retida:  almost  Inoal- 
culabla  servioe."- *rf<i*i>t<ryA  Uercurj. 

"  We  have  no  hoaitatlon  whatever  in  deeorlbing 
Ur.  Soutbgate's  as  the  very  best  book  of  the  class. 
There  Is  ^tsltively  nothing  ot  the  kind  in  the  lan- 
guage that  will  bear  a  memaat's  comparison  with 
It."— iff*»«*«<«r  Wdlf  A^xtrtUer. 

"  There  is  no  mood  in  which  we  caa  t«ke  it  op 
withoat  deriving  from  ii  In  pitroction,  consolation, 
and  amoaement.  We  heartily  thank  Mr.  Southgate 
for  a  book  which  wo  shall  rejard  as  one  of  our 
belt  friends  and  eompouiioBs." — Camiri4fe 
Ghrtnille. 

"This  work  poasessex  the  merit  ot  being  a 
KAOSIFIOKNT  Girr-BOOl,  appropriate  to  all 
kiaiee  and  eeosons  ;  a  book  oalculated  to  be  of  UM 
to  the  scholar,  the  diviBe.  aad  the  public  man." 
—Freewuu«n'4  Magazine. 

It  is  not  so  much  a  book  as  a  library  of  quo- 
tations, "-/"afrtot. 

"  The  quotations  aboaad  la  tkat  thought  which 
is  the  mainspring  of  meatal  eiercisa" — Urer- 
fool  Courier. 

"  For  purposes  of  apposite  qsotation,  it  caamn 
be  snrpsaeed."*- 5rM<o;  Timtt. 

»  It  is  impoeaible  to  pick  out  a  single  passage  lU 
the  wnrk  which  does  not.  upon  the  face  of  it,  jus- 
tify IM  teleotlon  by  lU  Intrinsio  merit."— Z)<wj«< 

"  We  are  not  stiiT»rised  that  a  SkoOKB  SBRIBB 
at  this  work  shuuld  have  been  called  for.  Mr. 
Soathitate  has  the  catholic  tastes  desirable  m  a 
good  Brlitor.  Preachers  and  public  s;>%aker9  will 
fiad  that  U  hiis  special  uaoa  for  them-'—  Bdtnburgh 
Dmilf  Reviev.  ,  . 

"  The  SHOONn  SSBim-  fully  sucalns  the  » 
■erred  reputation  ot  the  KlBST."— JoAn  BuU. 
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A  BOOK  NO  FAMILY  SHOULD  BE  WITHOUT. 


N«W  issue  of  this  important  Work— Enlarged,  in  part  Re-written,  and 
tiioroughly  Revised  to  date. 

Twenty-Eighth  Edition.    Royal  8vo,  Handsome  Cloth,  loj.  (td. 

A   DICTIONARY  OF 

DOMESTIC  MEDICINE  AND  HOUSEHOLD  SURGERY, 

BY 

SPENCER  THOMSON,  M.D.,  Edin.,  L.R.C.S., 

REVISED,  AND  IN  PART  RE-WRITTEN,  BY  THE  AUTHOR, 

AMD  BY 

JOHN  CHARLES  STEELE,  M.D., 

Of  Guy's  Hospital. 

771th  Appendix* on  the  Management  of  the  Sick-room,  and  many  Hints  for  the 

Diet  and  Comfort  of  InvalidB. 


In  its  New  Form,  Dr.  Spencer  Thomson's  "Dictionary  of  Domestic  Medicine" 
ally  sustains  its  reputation  as  the  "  Representative  Book  of  the  Medical  Knowledge  and 
'ractice  of  the  Day    applied  to  Domestic  Requirements. 

The  most  recent  Improvements  in  the  Treatment  of  the  Sick — in  Appliances 
ar  the  Relief  of  Pain— and  in  all  matters  connected  with  Sanitation,  Hygiene,  and 
he  Maintenance  of  the  General  Health — will  be  found  in  the  New  Issue  in  clear  and 
ull  detail ;  the  experience  of  the  Editors  in  the  Spheres  of  Private  Practice  and  of  Hospital 
rreatment  respectively,  combining  to  render  the  Dictionary  perhaps  the  most  thoroughly 
jractical  work  of  the  kind  in  the  English  Language.  Many  new  Engravings  have  been 
Qtroduced — improved  Diagrams  of  different  parts  of  the  Human  Body,  and  Illustrations  ol 
he  newest  Medical,  Surgical,  and  Sanitary  Apparatus. 

*,*  All  Directions  given  in  such  a  form  as  to  be  readily  and  safely  followed. 


FROM  THE  AUTHOR'S  PREFATORY  ADDRESS. 

"  Without  entering  upon  that  difficult  ground  which  correct  professional  knowledge  and  educated  judg- 
ment can  alone  permit  to  be  safely  trodden,  there  is  a  wide  and  extensive  field  for  exertion,  and  for  usefulness, 
pen  to  the  unprofessional,  in  the  kindly  offices  of  a  true  DOMESTIC  MEDICINE,  the  timely  help  and 
olace  of  a  simple  HOUSEHOLD  SURGERY,  or,  better  still,  in  the  watchful  care  more  generally  known  as 
SANITARY  PRECAUTION,'  which  tends  rather  to  preserve  health  than  to  cure  disease.  'The  touch  of  a 
entle  hand  '  will  not  be  less  gentle  because  guided  by  luiowledge,  nor  will  the  sa/e  domestic  remedies  be  less 
nxiously  or  carefully  administered.  Life  may  be  saved,  suffering  may  always  be  alleviated.  Even  to  the 
esident  in  the  midst  of  civilization,  the  '  KNOWLEDGE  IS  POWER,'  to  do  good ;  to  the  settler  and 
migrant  it  is  INVALUABLE."   


"  Dr.  Thomson  has  fiiUy  succeeded  in  conveying  to  the  public  a  vast  amount  of  useful  professions 
nowledge."— X>«i/i»  yeumal  of  Medical  Science. 

"The  amount  of  useful  knowledge  conveyed  in  this  Work  is  surprising."— i»/^<iir.i/  Times  and  Gaxttt*. 
"Worth  its  wbight  in  cold  to  families  and  the  cLxxsi-t.'— Oxford  Herald 


LONDON:  CHARLES  GRIFFIN  &  CO.,  LIMITED,  EXETER  STREET,  STRAND. 


/O 


